GOVERNMENT OP INDIA 

DEPARTMENT OF ARCHAEOLOGY 

CENTRAL ARCHAEOLOGICAL 
LIBRARY 


Class. 



D.G.A. 79. 















The Planetary Equatorium 
of 

Jamshld GhiySth al-DTn al-KSshl 



Princeton Oriental Studies 


Volume 18 


THE PLANETARY 
EOUATORIUM 

OF JAMSHID GHIYATH AL-DlN AL-KASHl'* 

(d. 1429) 

-- 

An Edition of the Anonymous Persian 
Manuscript 75[44b] in the Garrett Collection 
at Princeton University 

Being a Description of Two Computing Instruments 


The Tlate of Heavens 
and the ‘Tlate of Conjunctions 
-- 

WITH TRANSLATION AND COMMENTARY BY 

E. S. KENNEDY 

' C ' : ' ’ 

/ s T- .- T— 

1960 

PRINCETON UNIVERSITY PRESS 
PRINCETON, NEW JERSEY 






Copyright © 1960, by Princeton University Press 
ALL R1CHTS RESERVED 


z* ’ M.CilCAL 

/'iT4 f . 

mt4> hMO . 

C»u No. S&&* 


(.'I N 

A*. No 





Printed in the United States of America 
By the Meriden Gravure Company, Meriden, Connecticut 



To 

my foster mother 
Annie E. Kennedy 




PREFACE 


This book presents, with translation and commentary, the 
text of a Persian manuscript in the Garrett Collection at 
Princeton University. The manuscript describes the construc¬ 
tion and use of two astronomical computing instruments invented 
by the fifteenth century Iranian scientist Jamshld ibn Mas*ud 
ibn Mahmud, Ghiyath al-Din al-Kashl (or al-Kashanl). Our fund 
of knowledge concerning the work of this individual has been 
materially increased in recent, years, particularly by the 
studies of the late Paul Luckcy in Germany, and by the fruitful 
collaboration of B.A. Rosenfeld and A.P. Yushkevich in Russia. 

The reader will find their publications listed in the biblio¬ 
graphy at the end of this volume. 

Little enough has been known about the life of Kashi (as 
we shall call him hereafter), and we have been able to supplement 
that little, principally by examining the introductions and 
colophons of Kashi manuscripts. The results are assembled in 
the biographical sketch immediately following the table of 
contents. 

The succeeding section recites the relations between our 
anonymous Persian text and the two versions of a book by Kashi 
himself on which it is based. 

There follows the facsimile text and translation, arranged 
for immediate reference with corresponding pages and lines 
opposite each other. After this comes the commentary to the 
text. In general, topics are treated in the order in which 
they appear in the manuscript. Where it has been found conve¬ 
nient to digress from this order, a statement has been inserted 
indicating the proper section. When sections are related to a 
particular passage in the text, this passage has been specified 
in parentheses following the section title. All such references 
to the text give folio and line, separated by a colon. 

It is assumed that the reader is familiar with the leading 
concepts of Ptolemaic astronomy, of which [4l] and [42] contain 
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readily available expositions. Here and in the sequel, 
numbers enclosed in square brackets refer to items in the 
bibliography at the end of the book. 

The bulk of the manuscript is taken up with an instru¬ 
ment called by Kashi Tabao al-Manatiq . which we translate as 
"Plate (or Tray) of Heavens." It is an example of the class 
of devices known as equatoria, analogue computers on which 
the various Ptolemaic planetary configurations were laid 
out to scale. They thus yield solutions to such problems 
as that of finding the true longitude of a planet at a given 
time. Kashi's equatorium is only one element in a tradition 
stretching through sixteen centuries in time, and in space 
from Western Europe to Central Asia via North Africa and the 
Near East. The story of the other instruments, and the Plate 
of Heavens' place therein, has been delineated admirably by 
D.J. Price in his publication [42] of the Chaucerian equa¬ 
torium - there is no need to repeat it here. 

The second instrument, the "Plate of Conjunctions" 

( Lawh al-Ittlsalat ). is a simple device for performing a 
linear interpolation. 

A number of the problems raised by the manuscript have 
been dealt with in a preliminary way in papers published 
over a period of years. This is an attempt simultaneously 
to dispose of the remaining problems, to revise, complete, 
and correct previous solutions, and to put before the 
public the primary source on which they are based. In 
addition to presenting the philologians with an opportu¬ 
nity to pick apart the work of a translator whose formal 
training has been in mathematics, this will serve to 
present intact a medieval scientific work, a very small 
link in the chain which leads from the tallystick to the 
electronic computer. For the manifold shortcomings of the 
result the editor, like the anonymous author of the manus- 


viii 



PREFACE 


cript, craves correction "with the musk-dripping pen" of 
forebearance. 
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Biographical, Matey ft aL-OnJ^g 1™9PSS>1 

Our earliest fixed point in Kashi's life is 2 June, 1406 
(12 Dhu a 1-Hi,1,1 ah . 808). On this date he observed in Kashan, 
his home town in central Iran, the first of a series of three 
lunar eclipses (see [23] , f.4r.) 

He is the author of an Arabic treatise on the sizes and 
distances of the heavenly bodies, called Sul1am al-sama* [22]. 
Most of the extant copies of this work are undated, but in 
[34], p.bO, Krause reports that ono of the Istanbul copies 
claims tho book was finished on 1 March, 1407 (21 Ramadan . 

809). This i6 confirmed by Tabataba'I ([52], p.23) on the 
basis of a copy at the Shrine Library in Moshed, Iran. Since 
this date falls during tho run of oclipso observations, it 
follows that the treatise must have beon written in Kashan. 

It i8 dedicated to a certain wazlr designated in tho manuscript 
only os Kamal al-Din Mahmud. Search through general historios 
of the period has failed thus far to produce any information 
whatsoever as to the identity, Jurisdiction, or political 
affiliation of this individual. A certain Maula Kamal al-Din 
Mahmud al-Saghirji mentioned by Khwandamir ([33], vol.3, p.513) 
fulfills the requirements as to name and rank, but cannot have 
been contemporary with Kashi. It is probably to this individual 
that Tabataba'I ([52], p.23) refers. 

Sometime during the yoar 816 A.H. (1413/14) Kashi completed 
the Khaqani ZiJ [23], written in Persian and the fir6t of his 
two major works. In the introduction to it he complains that 
he had been working on astronomical problems for a long period, 
living in penury in the cities of ‘Iraq (doubtless ‘Iraq-i 
c AJamI, Persian ‘Iraq), and most of the time in Kashan. Having 
undertaken the composition of a zlj, ho would have been unable 

* Numbers in square brackets refer to items in the 
bibliography. 
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to complete it except for the timely beneficence of the prince 
Ulugh Beg, he says, and to him he dedicated the finished work. 

The fact that the longitude of Shiraz was taken as base for the 
mean motion tables (see Section 18 in the commentary bolow) does 
not prove that ho worked there part of the time, although he may 
have done so. The place had boon a center of astronomical 
activity on and off for many centuries, and Kashi may simply 
have chosen as base a location better known than Kashan. From 
a remark in his Mlftah ([47], p.176) it is clear that he was in 
the neighboring city of Isfahan at one time or another. 

Next canes a very short (seven page) Persian treatise [20] 
on astronomical instruments written in January 1416 (Dhu gj-Q^da, 
818) and dedicated to a Sultan Iakandar. 

Soon aftor this, on 10 Fobruary, 1416 (10 Dhu al-H.ijj&h, 

818), and in Kashan, the first vorsion of the Nu.ghgt pjjlftda'lg 
was completed. The book is Kashi's own description of tho 
equatorium he invented. It names no patron. When next hoard 
from, Kashi has Joined tho group of scientists at the Samarqand 
court of Ulugh Beg. Thero he stayed for the rest of his lifo. 

His caroer comonced during the long reign of Tamorlano. 

When the latter died in 1405 ho was eventually succeeded by his 
son Shahrukh, whose rule outlasted Kashi's life span, and who 
throughout evidently retained some sort of hegemony over all of 
Iran. During this time Shahrukh's 6on Ulugh Beg was the ruler 
of Samarqand, and oventually as head of the Timurid dynasty 
survived his father for a short time. 

The Iskandar referred to above can hardly have been any 
othor than tho son of Qara Yusuf ([12], p.127) second ruler of 
the Black Sheep Turcoman dynasty which established itself mainly 
in Azarbaijan and Mesopotamia, encroaching eventually into Fars. 
Iskandar was twice defeated by Shahrukh. Like Ulugh Beg, he 
achieved primacy in his dynasty only long after the death of 
Kashi. 
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The curious spectacle of a scientist dedicating successive 
writings to minor potentates in rival dynasties invites specu¬ 
lation. It is tempting to liken his actions to those of a 
modern scholar alternately wooing one and another of the affluent 
learned foundations in hopes of an ever more princely grant. 
Kashi's short treatise on astronomical instruments [20] contains 
little beyond what must have been cocmon knowledge to any com¬ 
petent astronomer of the day, and its composition can have cost 
him only the time required to write it down. He may have turned 
it out and dedicated it to Iskandar in order to counteract the 
effect of the earlier dedication to a Timurid. But ignorance 
of the details of political vicissitudes makes further conjec¬ 
tures unprofitable. 

In 1417 Ulugh Beg coesnenced building in Samarkand a madrasah 
([16], p.54), a school to house students of theology and the 
sciences. This impressive tiled structure is still admired by 
tourists from all over the world. Shortly after its completion 
the construction of the observatory was begun. 

It was during these operations that Kashi arrived; we do 
not know exactly when. Several sources (e.g. [33], vol.4, p.2l) 
have him accompanied by a fellow-townsman and astronomer, Mu ‘In 
al-Din al-Kashi, according to Tabataba'I ([52], p.6), a nephew. 
From this period also is a document of the greatest interest, 
a letter from Kashi to his father in Kashan. It has been pub¬ 
lished (as [53]) in the original Persian, collated and annotated 
by M. Tabataba'I from two manuscripts, one of which is in the 
library of the Madrasah Sepahsalar in Tehran. The letter merits 
publication in facsimile with a translation into some European 
language. Pending this we outline its contents below. 

The epistle begins with a quotation from the Qur'an indi¬ 
cative of filial piety, and a statement that the writer has been 
too busy with the observatory to do anything else. He writes 
that the sultan is an extremely well educated man, in the Qur'an, 
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in Arabic graimar, in logic, and the mathematical sciences. 

As an illustration of the latter he tells how the king, while 
on horseback, once computed in his head a solar position 
correct to minutes of arc. Kashi then goes on to describe how, 
upon his arrival at Samarqand, he was put through his paces by 
the sixty or seventy other mathematicians and astronomers in 
attendance thore. He gives os examples four of the problems 
propounded to him. The first involved a method of determining 
the projections of 1022 fixed stars on the reto of an astrolabe 
one cubit in diameter. The second required the laying out of 
the hour lines on an oblique wall for the shadow cast by a 
certain gnomon. The third problem demanded tho construction 
of a hole in a wall, of such a nature that it would admit the 
sun's light at, and only at, the time of evening prayer, the 
time to be that determined by the rulo of Abu Hanlfah. Lastly, 
ho was asked to find the radius, in dogroos of arc on the 
oarth's surface, of the true horizon of a man whoso height is 
three and a half cubits. All these and others, says Kashi, 
which had baffled tho best minds of the entourago, ho solved 
with ease, thus quickly gaining intellectual paramountcy among 
thorn. 

Ho held a low opinion of the ro6t of the sultan's scien¬ 
tific staff in genoral, in spite of tho fact that Ulugh Beg's 
astronomical bent had stimulated the study of mathematics in 
Samarqand for the past ten years. The only one who gave him 
any competition at all was Qadlzadah al-Rumi ([bl], p.174), 
and Kashi recounts in detail two occasions on which ho worsted 
this individual. One of these was brought on by Qadizadah, 
who had boen expounding the famous zij of al-Birunl, the 
Masudic Canon [5], when he ran into difficulties with the 
proof of a theorem. Using the immemorial gambit of any mathe¬ 
matics teacher when faced with a like situation, he told the 
class, which included Ulugh Beg himself, that there must be a 
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fault in the text, he had best compare it with a better copy 
elsewhere. After two days he was still stuck at the same place, 
when Kashi just happened to turn up, explained the proof off¬ 
hand, and showed that the manuscript was correct. 

In spite of this, and other exhibitions of tact and 
erudition on the part of Kashi, he assures his father that 
relations between the two of thee are of the most amicable. 

He agrees that Qadlzadah is the only one of the lot who knows 
much about the Almagest, although he is deficient in observa¬ 
tional technique. The views of Qadizadah on the matter have 
not come down to us, but it may or may not be of significance 
that in the prolegomena to Ulugh Beg's zlj ([54], p.5) Qadiza¬ 
dah is the first of the two to receive honorable mention and 
extravagant praise. 

Kashi usos up a good deal of space telling his father 
about the ignorance of a certain Badr al-Dln. This man, he 
writes, having been through a few propositions of Euclid which 
he is unable to apply, is like one who knows several rules of 
(Arabic) grammar but can write no Arabic. He states further 
that Badr al-Dln is a liar. Kashi's motive in reporting on 
this person is not clear. 

The letter describes the status of the work in progress 
on the construction of instruments for the observatory. It 
closes with a detailed explanation intended to make clear to 
the layman why the taking of observations for a coopleto set 
of planetary parameters is a long process, and cannot be 
completed in as short a time as a year, or anything like it. 

In the middle of Sha‘bin, 827 (July, 1424), Kashi finished 
his unprecedentedly precise x-determination, al-Rlsalat al- 
muhjtlvah . Written in Arabic, this masterpiece of computatio¬ 
nal technique has been published in German [36] and Russian 
[47] editions, both excellent. It has no dedicatory passage. 

From the same month two lunar years later (June, 1426) 
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dates the Saraarqand rescension of the Nuzhah, and on 3 Jumadi 
I, 830 (2 March, 1427), Kashi completed his second major work, 
the Miftah . It is dedicated to Ulugh Beg, and has recently 
been published [47] with Arabic text, Russian translation, and 
commentary, by Rosenfeld and Yushkevich. Studies based on it 
are [35], [37], [44], and [7], In the introduction to the 
Miftah Kashi gives a partial list of his own works. Other 
than titles already mentioned above, the following appear* 

Rlsalat al-watar w’al-ialb . also known as Risalah fi 
lstlkhral ialb daralat wahidah . is apparently extant both in 
a lithographed edition printed in Tehran in 1889, and in manus¬ 
cript ([51], p.174). Marginal notes in [23], f.32r, and the 
lithograph edition of [17], p.3, state that the treatise was 
incomplete when Kashi died and that it was finished by Qadlza- 
dah. A copy of tho lithographed collection of which it is a 
part is in tho Parliament (Majlis) Library in Tehran. It 
describes an elegant iterative method of computing the Bino 
of one degree to any required accuracy. No translation of 
this risalah has boon published, although a corarentary on it 
is available in French [54] and in Russian [47] translations, 
and a considerable literature in European languages has accu¬ 
mulated about it (soo, o.g. [l]). 

The Z11 al-tashllat is not extant as 6uch, but is pro¬ 
bably the sot of tables and accompanying explanation for a 
simplified mothod of computing planetary positions as worked 
out by Kashi. In his KhaqanI Zij ([23], ff.l42r-155r) these 
tables occupy a section distinct from the planetary tables of 
standard type. 

In addition to those listed in the Miftah al-hisab . the 
following treatises were written by or attributed to him* 

M . Utah al-asbab fi c ilm ?l-zI j, listed in the Mosul cata¬ 
logue [40]. 

Risalah dar sakht-1 asturlab listed in the Meshed catalogue 
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I 

* 


([38], Ms. math. 84). 

81 sal ah f?_aa c rl_fat samt_al-giblah min di'irat hindiyah . 
also listed in the Meshed catalogue. 

Risalat Carnal al-darb bi'l-takht w’al-turab is also inclu- 
T ded in the Tehran lithographed edition of 1889 of which a copy 

is in the Parliament Library in Tehran. 

Al-risalat al-iqlllamlnah is mentioned by Kashi himself 
in the Samarqand version of the Nuzhah ([19], p.31l). 

Kashi's statements about the length of time required to 
complete the observations proved all too true. In the prolego¬ 
mena to the zij {[54], p.5) based on them, his royal patron 
Ulugh Deg, laments his doath early in the course of the work. 

* His collaborator and rival, Qadlzadah, also died before the 

zij was finished. On the title page, the India Office copy of 
; the KhaqanI zij [23] bears a note saying that on the morning of 

Wednesday, 19 Ramadan, 832 (22 June, 1429), at the observatory 
outside Samarqand there died the "mighty master, Ghiyath al- 
Millah w'al-Dln, Jamshld." According to Tabataba'I ([52], 
p.19) the incomplete copy of the same zij in the Shrine Libra¬ 
ry at Meshed has the same annotation. That Kashi left behind 
him more than his scientific works is witnessed by the British 
Museum manuscript of his Mlftsh ([6], p.199) which has the 
, following curious colophom 

Verily I finished copying this honorable 
manuscript on the second day of the month of 
Shawwal, year 997, (14 August, 1589). It was 
copied (or checked ?) by the one (who is) 
indigent (for the sake) of God, al-Razzaq, 
son of ‘Abdallah, son of c Abd al-Razzaq, son 
of Jamshld, son of Mas‘ud, son of Jamshld, 
the author of this noble book. 

We lack evidence on which to pass judgment, or even to assess, 
Kashi's personal character. Concerning him the author of the 
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Haft lollm (see [45], vol.ii, p.45) has this to sayt 
The former (Kashi) was ignorant of 
the etiquette of courts, but Ulugh Beg was 
obliged to put up with his boorish manners 
because he could not dispense with his 
assistance. 

In the letter to his father he does not depict himself as 
the proverbially shrinking violet. At the same time this was 
a personal communication addrossed to a parent, and presumably 
not intended for publication. And on the basis of the evidence 
at hand wo can only agroo with hi6 own estimate - he was the 
best of the lot at Samarqand. 

In the closing appendix to the revised Nuzhah . "On the 
Naming of the Instrument," ([19], p.312) Kashi whimsically 
relates a suggestion from somo of his frionds, that his equa- 
torium be called Jam-1 Jamshid . 

... Jamshyd's Sov'n-ring'd Cup, where no ono knows, 
a likening of the instrument with it6 seven planetary doforents 
to the magic divining goblet of the mythical Iranian king, dis¬ 
coverer of the usos of wine, and whose name Kashi bore. 

They say the Lion and the Lizard keop 

The courts whore Jamshyd gloried and drank deep. 

As for his scientific attainments and his place in the 
history of science, hero we can operate from much firmer ground. 

He was first and foremost a master computer of extraordinary 
ability, witness his facile use of pure sexagesimals, his inven¬ 
tion of decimal fractions (cf. [44] and [37], p.102), his wido 
application of iterative algorisms, and his sure touch in so 
laying out a computation that he controlled the maximum error 
and maintained a running check at all stages. 

His equatoriura marked the most extensive development ever 
given to this class of instrument. In particular his was the 
only mechanical device with which a determination of the planetary 
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latitudes was possible. If we retain mental reservations as to 
the practicality of the results, there can be no doubt of the 
ingenuity of the descriptive geceetry involved. 

He seems to have been a completely competent observer and 
astronomical technician, neither ahead of nor behind his times. 
The same statement can be made of his work in planetary theory. 
He accepted unreservedly the notion, not contained in the Alma¬ 
gest, that the moon, inner planets, sun, and other planets move 
in contiguous bands about the fixed earth, and that hence it 
was possible to compute in terrestrial units the mean distance 
of, say, Saturn from the earth. His contemporaries were there¬ 
fore overgenerous in calling him "the second Ptolemy" ([33], 
vol.iv, p. 2 l), but the next generation was equally sanguine in 
calling a mathematician of their own time "the second Ghlyath 
al-Dln Jamshld" ([53], p.60). 


ihfJili&n of-th£.igxt. ftjxLm ysi*iw 

The Persian manuscript published in this volume is an 
apparently unique copy of a tract composed by some individual 
now unknown, between the years 1481 and 1512, and probably in 
Constantinople. This time spans the reign of the Ottoman 
Sultan Bayazid II, to whom the book is dodicated. Constanti¬ 
nople is mentioned in the text as this ruler's capital, and 
its longitude is taken as base for the planetary mean motion 
tables. 

If the author is-unknown, his prime source is not. He 
specifically states that the astronomical instruments he 
describes were invented by Jamshld (al-Kashl), and his work 
can be characterized as largely a translation into Persian 
of selected parts from Kashi's own Arabic description of the 
same two instruments. 

The latter book is called Nuzhat al-Hada'iq (A Fruit- 
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Garden Stroll) and is extant in two versions. The first was 
written in Kashan and completed on 10 February, 1416. The only 
copy known to have survived is Number 210 in [48], a microfilm 
of which has been made available by the officials of the India 
Office. The copy is modern, having been completed on 2 December, 
1863. It is written in an easily legible nasta c llq hand, but 
very carelessly, and all the figures are missing. This Kashan 
version we refer to as NK in the sequel. 

In June, 1426, just three years before he died, Kashi 
completed a rescension of the Nuzhah . This was after he had 
moved to Saraarqand to work at Ulugh Beg's observatory there. 
Following the colophon of the original material, which was 
changed only in minor details, he added a set of ten appendices. 
These describe additional techniques for utilizing the instru¬ 
ments, and improvements or changes in the construction of their 
parts. It will be shown in the commentary (Section 42) to our 
text that the author made use of the Samarqand rescension, which 
we will abbreviate as NS. No manuscript copy is known to exist, 
but in 1869 it was printed in the Tehran lithograph edition of 
several of Kashi's works. The example in the translator's pos¬ 
session is bound and paginated (pp.250-313) with the Miftah 
al-Hisab . It is written in a fair naskh hand, very carefully, 
and with text corrections in the margin. The space on page 261 
for the main figure, however, has been left blank. 

A table of contents of NS and NK follows, combined with 
a concordance of corresponding sections in our text. 
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TEXT 

and 

TRANSLATION 


The numbers along the left edge of each page of the 
translation identify corresponding lines of the text facsimile 
on the opposite page. Restorations to the text are indicated 
by the usual square brackets; in general, words enclosed in 
parentheses have no equivalents in the text, but have been 
added to clarify the meaning of the relevant passage. 

Marginal additions to the text are of two kinds, scribal 
omissions from our copy, and explanatory notes. The former 
were written in, perhaps at the time the copy was made, 
presumably by checking it against another copy. These have 
been inserted into the body of the translation, set off by 
asterisks at the beginning and end of the insertion. The 
marginal notes proper, however, have been translated as such 
and appear in the margins of the translation. 





f.2r 


A Short Work on the Operation 
of the Easiest Instrument 
Having to Do with the Planets* 


*This title, in Arabic and written in a hand 
different from that of the rest of the manuscript, 
need not be regarded as the original title of the 
work. 
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TRANSLATION 

f. 2 v 

1 TO THE PRAISE OF GOD 

2 Thanks and [praise]* arxJ incomparable glory 
is the due of the 

3 Power,[the Creator] 2 who has inlaid the layers 
of the heavens with 

4 glistening pearls, with shooting [stars] 3 , and 
glittering jewels, 

5 the planets and the fixed (stars). The Sage 
who, 

6 impelled by His complete [wisdom] 4 , wrought 
the bringing into existence of the inferior 
(planets) 

7 together with the situations of the superior 
(planets); the (Al)aighty, who by the hand of 

8 power and destiny moulded how many shining 
bodies. 

9 "Verily his are the creation and the ccnmand; 
blessed be 

10 God, the best of Creators" 5 , and benediction 
and praises and 

11 the gift of salutation upon the Pole of the 
Heaven of Prophecy and the Circlet of the 


1 . Wonneaten, read 

2 . " , " 


3. " , " 

4. " , " 

5. Qur'an . 7:52 (ed. 


cr-V- 





of Flugel). 
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f.3r 

1 Sky of Glory, Muhammad the Chosen (One) and 
upon his descendants and his companions, 

2 who are the beneficent (planets) in the sky 
of leadership and the sphere of the stars of 
imitation. However, 

3 let it not remain covered that the most hono¬ 
rable branch of the branches of the science 
of mathematics 

4 is astronomy, which supplies the human soul 
with the acquiring of 

5 that honor (i.e. astronomy), knowledge of the 
amount of the planetary motions in longitude 
and latitude, 

6 and the nodes of their conditions, and the 
stations of each one 

7 in the zodiacal signs, and the (planetary) 
sectors, and the knowledge of the tines of 
prayer, 

8 and the direction of Mecca, and the other 
cities, and the distances of the bodies of 
each 

9 of the planets from the earth, and the dist¬ 
ance between cities. 

10 But the attaining of all these objectives is 
impossible except by (means of) an astrono¬ 
mical handbook (a zij), 

11 and the knowledge of it is dependent upon 
computations: on subtraction, and 

12 halving, and addition, and doubling, and 
multiplication, and division, and 

13 operations with various (astronomical) equa¬ 
tions, and its difficulty is apparent 
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1 and known and clear and manifest, and so the 
meticulous master, the investigator, the 

2 scrutinizing author, the cccpieter of the 
primary sciences and the solver of difficult 
questions, 

3 the pride of the savants of the world, our 
most mighty master, our master Ghiyath 

4 al-Millah w'al-Din (the Refuge of the Congre¬ 
gation and of the Faith) Jaashid, may God 
cool his resting-place, invented an instrument 

5 and called it the Plate of Heavens, and 
prepared a treatise describing its 

6 construction and operation, such that with 
this instrument the problems coanonly solved 
with a 

7 zii may be solved by the easiest methods and 
in the shortest time, 

8 and it does not require much multiplication 
and division and computation. 

9 And up to this our time, no single one of the 
scholars, 

10 notwithstanding all the effort toward the 
carrying forward of learned and excellent 
illustrious deeds, 

11 they were deficient. The veil-curtain from 
before 

12 the face of that virgin maiden they did not 
raise, and frcm behind the curtain of 

13 existence to the world she was not made 
manifest. But this destitute one, by grace of 
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1 the ineffable will and bounty of the daily- 
increasing government of the 

2 Ruler of the World, the Issuer of Cccroands of 
the Ages, the Sultan 

3 of the Heavenly Throne, the Sun of Conscience, 
the Star of the Jupiter-appearing Army, 

4 the Shadow of God on both Worlds, the Champion 
on Sea and Land, 

5 the Subduer of the Infidels and Idolaters. A 
Couplet: 

6 The symbol of (what is) supported by 
Right (i.e., God), the aspect of peace 
and security, 

7 (He is) the very letter of the book of 
victory, the Mahdl and the Last of (this) 
Age, 

8 the Sultan, son of Sultan Abu al-Fath, Sultan 
Bayazid, 

9 son of Sultan Muhaaiaad Khan, may God perpe¬ 
tuate his dominion and his kingdom, and may 

10 his beneficence and his goodness endure upon 
both worlds, (the author) constructed this 
instrument, 

11 and operated (with it to find) the true longi¬ 
tudes of the planets, and their latitudes, and 
lunar 

12 and solar eclipses. (The results) agreed with 
(those obtained by use of) a zij. 

13 And of whatever has been done at present (i.e., 
this work itself) having been 
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1 written on a few sheets, it is presented to 
the mighty and glorious (one), the Sublime 
Porte. 

2 And if acceptance be possible it (would be) 
the extreme of 

3 that which is hoped for, the utmost of that 
which is requested. It is requested that if 
information of a slip 

4 or a mistake is found (it) be corrected with 
the musk-dripping pen and the reed (pen which 
is) the pearl-portrayer. 

5 And the arrangement of this disquisition came 
to be worthy of two 

6 treatises. (Contents of) THE FIRST TREATISEi 

7 On the Construction of the Plate of Heavens, 
containing five chapters and a conclusion. 

8 Chapter One, On the Construction of the Disk 
and the Ring. 

9 Chapter Two, On the Drawing of the Apogees, and 
the Centers, 

10 and the Deferents, and the Opposite Point, and 
the Equant. Chapter 

11 Three, On the Drawing of the Equating Diameter, 
and the Latitude-Point, and their Lines. 
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1 The Table of Mean (Motions), and so on. Con¬ 
clusion, On 

2 the Construction of the Plate of Conjunctions. 
(Contents of) THE SECOND TREATISE: 

3 On the Operation of this Instrument, contained 
in fifteen chapters: Chapter 

4 One, On the Arrangement of the Instrument. 
Chapter Two, On the Extraction 

5 of the Mean (Motions) of the Planets. Chapter 
Three, On the Extraction of 

6 the True Longitude of the Sun. Chapter Four, 
On the Extraction of 

7 the True Longitude of the Moon. Chapter Five, 
On the Extraction of 

8 the True Longitudes of the Planets. Chapter 
Six, On 

9 the Determination of Equations. Chapter 
Seven, On 

10 the Determination of Planetary Latitudes. 
Chapter Eight, On 

11 the Determination of the Distances of the 
Planets from the Center of the Universe. Chap¬ 
ter Nine, On 

12 the Determination of Retrogradations and Sta¬ 
tions. Chapter Ten 

13 On the Determination of Apogee and Epicyclic 
Sectors. Chapter 
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1 Eleven, On the Determination of Lunar Eclip¬ 
ses. Chapter Twelve, 

2 On the Determination of Solar Eclipses. Chap¬ 
ter Thirteen, On the Determination of 

3 the Mean of Transfer. Chapter Fourteen, On 
the Determination of the 

4 True [from]*the Apparent Altitude, and the 
Determination of the Apparent Altitude 

5 from the True, and Parallax in the Altitude 
Circle. Chapter 

6 Fifteen, On the Determination of the Equation 
of Tine. Conclusion, 

7 On the Operation of the Plate of Conjunctions. 

THE FIRST TREATISE 

8 On the Construction of the Instrument Called 
the Plate of Heavens, containing five 

9 chapters and a conclusion. CHAPTER ONE. On 
the Construction of the Disk 

10 and the Ring. If it is desired to make this 
instrument, make a disk, 

11 truly circular, of copper, or brass, 

12 or yellow copper, or hard wood, like the plate 
of an astrolabe, 

13 the bigger the better. Its diameter should be 
at least one 


*For j\ read }l. 
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1 cubit, and if it be twc or three cubits, 

2 operating with it will be more accurate. And 
mount around it a ring, like the raised ring 
(around the plate) of an 

3 astrolabe, in such fashion that the plate 
move in it and not become separated, 

4 and the surface of the ring and the surface 
of the plate should form a single plane sur¬ 
face , 

5 and in such fashion that from the circumference 
of the plate a narrow tongue 

6 be extended. And in all the concavity of the 
ring let a hollow be cut out so that the 
tongue 

7 fit into it. The flatness of this should be 
tested with ruler and pluabline, 

8 as is known to the craftsman. Then, around 
the center of the disk, 

9 draw five circles on the ring, and divide the 
first circle into twelve 

10 parts, so that the fivefold circles are divi¬ 
ded by then, 

11 and between the first and the second write 
the names of the (zodiacal) signs, 

12 and consider the succession from the left, 
since it has itself been 

13 assumed around the center of the disk. The 
second is divided into seventy- 
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1 two parts, the number of five(-degree intervals 
around the circle). Between the second 

2 and the third place numerals. And the third 
(circle), divide it into three hundred and 
sixty, the number of 

3 the degrees of the zodiac, and the fourth into 
fractions 

4 of degrees to the amount possible, and join 
lines 

5 between the fourth and the fifth for the frac¬ 
tions, and the l^nes of each 

6 of the inner parts, extend (them) to the inner¬ 
most circle. 

7 If the lines of the five parts be made of 
different color(s) 

8 for ease of operation it will be better. Then 
on the fifth circle, which 

9 is divided into fractions, opposite each divi¬ 
sion, have a careful hole 

10 so that the drill pass through the ring. And 
the tongue of the disk also 

11 should be pierced opposite it, and all the 
holes must be along 

12 the circumference of one circle. ‘Then* make 
*a very thin* peg so that whichever of those 

13 holes it may pass through, the ring will be 
fixed on the disk. 


* Marginal correction. 
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1 and this ring shall stand in the place of the 
zodiac. CHAPTER 

2 TWO. On the Drawing of the Apogees, and Centers, 
and Deferents, and the 

3 Opposite Point, and the Equant. On the circum¬ 
ference of the plate, however it may befall, 

4 assume a point, and call it the sun's apogee. 
Then, from this 

5 point, to the amount between the sun's apogee 
and the apogee of each planet, having taken 
(it) 

6 in (the direction of the) succession of the 
signs, place marks. 


(Angles) Between th 
.. the 

s Apogee (: 
Five Plan 

>) of the Sun and 

Jts 


4 

& 

? 


10}28° 

2 3 29;16° 

l 3 16; 5° 

11*19;15° 

4 s 2;400 


10 Then, between each mark and the center, join 
a straight line 

11 such that, after the completion of the instru¬ 
ment, erasure be possible. And from the center 
of 

12 the plate, in the direction of the apogee of 
each planet except for the sun, and for the 
sun 

13 in the direction of its perigee, and for the 
moon in the direction of the beginning of divi¬ 
sions, 
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1 to the amount between the two centers, lay (it) 
off, and place a mark on it that 

2 its trace shall remain. And that mark shall be 
the deferent center of that 

3 planet, according to the particulars recorded 
herewith. And these 


4 

Distances of the deferent centers of the planets 
(in units) such that half the plate diameter is 
_ . sixty. 

5 

O 

<L 

mm 

El 

d* 

9 

2 

6 

2;6,9 

10; 19 

2;58 

2; 32 

4; 33 

1;2 

4; 52 


7 (units) are of such an amount that half the plate 
diameter shall be sixty degrees. 


8 Then, each one of these marks having been made 
a center, for each one 

9 of the moon, and Saturn, and Jupiter, and Mars, 
and Venus, with this distance (i.e., radius) 
draw a circle, 

10 and these circles are the deferent heavens of 
these 


Halves of the defer 
that half the 

ent diameters (in units) such 
plate diameter is sixty. 

<t 
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55; 28 
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1 planets, and there is no need for drawing the 
eccentric heaven of the sun, 

2 since the circumference of the plate is ficti- 
ciously assumed (to be) the heaven of the sun, 

3 and the marked center (of the plate) is called 
the ficticious (deferent) center of the sun. 
And that 

4 center which has been drawn for Mercury, let 
it be Mercury's turning center. 

5 Then, from the turning center extend a line 
intersecting 

6 the line of apsides perpendicularly, and from 
this center to both sides, right 

7 and left of the line of apsides, to an amount 
5;8, make two marks, 

8 and, having made each one of these two marks 
a center, with distance (i.e., radius) 

9 5l;23 draw two arcs so that an elliptical- 
shaped figure results, 

10 of which half its larger diameter is 51;8 and 
half its 

11 shorter diameter is 46;15, and this is the 
orbit of Mercury's epicycle center, 

12 and we call (it) Mercury's deferent. And each 

13 of the planet's deferents must be drawn in a 
different color, so that at the time of opera¬ 
tion 
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1 no mistake be made. Then, from the deferent 
center of each of the superior (planets), and 
Venus 

2 on the side of its apogee, and for the moon from 
the center of the plate on the opposite side 
from 

3 the beginning of divisions, i.e. on the side 
of Libra, to the amount of the distance of the 
center of that 

4 planet from the plate center, lay (this dist¬ 
ance) off, and put a mark on it 

5 that its trace remain. And for Mercury, on the 
half(-distance) between the center of 

6 the plate and the turning center make a mark, 
and these marks, 

7 except for the moon, are the equant centers, 
and for the moon it is called the opposite 
point. 

8 CHAPTER THREE. On drawing the Equating Dia¬ 
meter, and the Latitude Point(s), 

9 and the Latitude Lines, and the Beginning of 
the Sectors, and the Picture of the Plate, 

10 and the Deferents, and Marks, and Circles, 
and Lines. On the plate draw a diameter 

11 which passes through the beginning of the divi¬ 
sions and the circumference, and we call it 
the equating diameter. 

12 Then, on the equating diameter, near the first 
(point) of 

13 Libra, we make eight marks such that the traces 
of the marks 
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remain, two for Saturn, and two for Jupiter, 
and two for Mars, one for Venus, and one for 
Mercury. 

And the distance of each mark free the center 
of the plate is detailed herewith: 

Distances of the latitude line(s) of the five 
planets (in units) such that half the plate 
. diameter is sixty 






•c-*' & f 
* ■* !? 
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53; 55 50; 1 57;46 53;9 50;0 40;54 58;58 46;0 ^ 

and these marks we call latitude point(s), and 

if, for \ 

each of the superior (planets) also one is content , 


ov 


halving (the sum of) the two distances the objec- C<s, o^ 


tive will not be marred. Then, 

10 with the center of the plate (as center) draw a 
semicircle on one side of the equating diameter, 

11 if on the side of the southern signs (it is) 
better, such that 

12 half its diameter be equal to the sine of nine 
degrees of the concavity 

13 of the ring. After that, place a ruler upon 
pairs of 
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1 points equidistant free the equating diameter, 

2 and draw line(s) inside the semicircle *(up) 
to the semicircle* in parallel lines 

3 which are parallel to the equating diameter 
(and such that the inside) be filled. And 
undoubtedly the distances 

4 between the lines will be in the ratio of the 
sines of the parts free; one 

5 to nine. Then on the circumference of the 
semi-circle, write the numbers of the succes¬ 
sive lines 

6 from both sides, and in the same fashion draw 
also the lines of the minutes 

7 (to the amount) possible, and these lines we 
call latitude lines. 

8 And in the same manner, draw a semicircle about 
the center of the plate 

9 which shall be tangent to the five-degree line 
of the latitude lines. 

10 We call this the noon's latitude circle. And 
if the plate is large 

11 the lines may have been drawn minute-by-minute 
or (every) two oinutes. 

12 Draw two more circles, one tangent to the ten- 
minute line, 

13 and we call it the circle of Venus' first 
latitude; and the other 
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1 tangent to the forty-five minute line, and we 
call it* 

2 the latitude circle of Mercury. Then, on the 
deferent of 

3 each planet make four marks, two 

4 on the apogee and perigee, and two on the two 
beginnings of the second and fourth sectors 

5 reckoned according to distance, as is known 
(for each particular planet). 

6 And the amount of the distance of these two 
beginnings 

7 is taken from a table of the (KhiqanI) Zlj, and 
we have brought (out) a table such that 

8 the sectors, computed according to distance and 
motion, any 

9 which is wanted, take it from that table, 

10 and that table 

11 is thist 


The word 


I/I is repeated in the text. 
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The Picture of the Ring and Plate and 
Deferents and Marks and Lines is this: 
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1 CHAPTER FCXJR. On tho Construction of the Ali¬ 
dade and 

2 Ruler. Make two rulers, of copper, or brass, 

3 or wood, one like the alidade of an astrolabe, 
such that (it) shall be 

4 one (straight-)edge, and its length must be 
in excess 

5 of the diameter of the plate and shorter than 
the convex diameter (i.e., outer diameter) of 
the ring. 

6 And its edge, from the center to the amount of 
half the diameter of the 

7 plate, from both sides divide it into sixty 
parts, like the alidade of a 

8 sine astrolabe, and the numbers of its divi¬ 
sions are written proceeding in opposite 

9 directions from the center, and the 

10 place where the pivot passes (through it) must 
be (on a projecting) semicircle, 

11 and in making that (semicircular) projection 
as small as possible, care should be exercised 
that the center 

12 not be hidden in its slope. And the other 
(ruler) is also 

13 (made) the same size, and with the same divi¬ 
sions, but in place of the projection on the 


55 








a 

M 

y 

m 

j 

\i 

c. 












TRANSLATION 


f.l 2 r 

1 first ruler make a (semi)circular depression 
in it such that the projection on the first, 

2 when needed, may enter it, and both rulers 
become 

3 as one ruler. And the numbers of the second 
ruler 

4 are to be written from one side to the other, 

5 outward and in opposite directions. And we 
call the first ruler the alidade, 

6 and the second ruler we call the ruler. Then, 

7 on one of tho two sides of the alidade make 
six marks 

8 for the six planets other than the sun, and 
we call these the 

9 difference marks, and the distances of the 
marks from the center of the plate 

10 for each planet are detailed herewith: 


11 

Distances of the difference marks in 60ths of 
half the olate diameter: 

12 

<L 


4 


$ 

$ 

13 

5;17 

5;38 

10;38 

30j32 

42; 25 

18;13 
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1 And if on the plate, around the plate center, 
six circles are drawn 

2 with these distances (as radii) for difference(s), 
it is permissible, and those circles 

3 are called difference circles. And from one 
of the two heads of the second ruler, 

4 i.e., from beyond its head, not from the begin¬ 
ning of divisions, 

5 to a distance of sixty-three divisions of the 
divisions of the mler, 

6 laid off with a ccmpass, wherever it reaches, 
on its edge make a mark, 

7 and that is called the lunar eclipse mark. And 
at a distance of thirty-three 

8 divisions make another mark, and it is called 
the solar eclipse mark. 

9 And at a distance of twenty-nine make another 
mark 

10 for the duration (or first totality) of the 
lunar eclipse, and on the face of the ruler, 

11 between the limits of the twenty-ninth divi¬ 
sion to the sixty-third division, 

12 divide in length (the segment thus determined) 
in twelve (parts) for the determination of 

13 lunar eclipse digits. And from the beginning 
of the divisions of the ruler, on the other 
side. 
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1 to the end of the thirty-third division divide 

(it) into 

2 twelve parts for the knowledge of the solar 
eclipse digits, and write 

3 the numbers of the digits of both, (beginning) 
from the center. 

4 And let the two rulers ce joined with a thin 
chain 

5 such that the length of the chain be nearly 
the length of half the diameter. 

6 And the placing of two sights on the alidade 
may be used for taking the altitude. 

7 And if, in place of the ruler, a thin string 
is used, 

8 the desired result may be attained. OiAPTER 
FIVE 

9 On Drawing the Tables of Mean (Motions), etc. 
On the back of the plate 

10 draw a table whose width is divided into ele¬ 
ven parts, 

11 one for the column of numbers, and five for 

12 the mean (motions) of the sun and moon and 
superior planets, and the remaining five for 
the 

13 solar apogee, and the lunar anomaly, and the 
mean of the lunar nodes, and 
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1 the compound anomaly of the two inferior planets; 
and in length (it) is divided into fifty-eight 

2 parts: three for the column headings, and ten 
for 

3 the motion of the mean (planets) in ten succes¬ 
sive years of incomplete Yazdigerd years, 

4 and nineteen on account of the tens and hundreds 
and a 

5 thousand, and thirteen for the twelve months 
and 

6 five (intercalary days), and twelve for single 
(days) and tens of days, and one for the 

7 hour. And lay out another table (to be) divided 

8 into four parts, one row for the names of the 

9 five planets, and one for the beginning of the 
limits of the 

10 retrograde stations, and another (for the) 
ends of the boundaries of the 

11 retrograde stations, and one more for the 
differences between the two of them. 

12 And we have brought forth this table in the 
ninth chapter, on the determination of 

13 retrogradations and stations, and if this 
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1 table is not drawn, and on the divisions of 
the ring marks are put for 

2 the beginning of the boundaries of the sta¬ 
tions and their ends, 

3 (it will be) better. And place another table 

4 for the difference of the hours, and that will 
be between the 

5 true and apparent conjunction, and the lunar 
parallax 

6 in latitude according to the apparent conjunc¬ 
tion at the 

7 mean latitude(s) of the climates. And we, 
having made (?) these tables in the Khaqani 

zij, 

8 wrote them (from it). But if these tables are 
not 

9 put on the instrument, and, when necessary, 
are taken from this treatise, 

10 it is permissible. And the table of difference 
of the hours, 

11 since it was being used in the science of 
solar eclipses, we wrote it in the chapter 
(on) 

12 the science of solar eclipses. And the picture 
of the table of 

mean motions is this, but God knows better. 
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1 CONCLUSION, On the Construction of the Plate 
of Conjunctions. And 

2 (so) get its picture; a plate of hard wood, or 
yellow copper, 

3 or brass, that its length be one cubit and its 
width more than 

4 two thirds of a cubit. And, to the extent 
possible, attempt to make the surface of the 
plate flat. 

5 And on the face of the plate draw a right 
triangle 

6 such that each one of the two legs of the 

7 triangle be parallel to two sides of the plate 
respectively, at a proper distance. 

8 Then the longer leg of the triangle, which is 
the base 

9 of the triangle, divide into twenty-four parts 
for 

10 the hours, and each part is divided into sixty 
(parts) or to the amount 

11 which it can be (divided), taking into account 
the smallness or largeness of the plate. 

12 And the "shorter* leg, having been divided 
into sixteen parts, each part is divided into 
sixty, 

13 or to the extent to which it can be divided. 
And if tho divisions of the (planetary) paths 
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1 be equal to the divisions of the hours, in 
largeness 

2 and smallness (of divisions), it will be 
better; adornment is unnecessary. Then, 

3 from each of the divisions of the two sides, 
extend lines 

4 parallel to the other side until they join the 
line(s) 

5 which have been extended from the divisions 
of that other side parallel to this (first) 
side. 

6 And (for) distinguishing between the lines 
extended 

7 from the divisions of hours and parts of 
(planetary) paths, and the lines 

8 extending from the minutes, make each in 
different colors. 

9 And in the same fashion, the fifths of parts 
and minutes 

10 also distinguish them by a color differing 
from those (others), that operation (with it) 

11 be facilitated. And outside the longer side 
of the triangle 

12 make a trough from one side of the plate to 
the other, that its width be to the amount of 
a 

13 digit and its depth be to a proper amount, 
and 
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1 make the inside of the trough bigger than (it 
is) beside the base of the triangle. 

2 And beside that trough, make another trough 
such that its width and depth 

3 be equal to (those of) the first trough, and 
its length 

4 (as compared to) the limit of that right *angle* 
of the triangle should be three fourths the 
base of the triangle, and the inside 

5 of this trough is made bigger than the (width) 
alongside the margin of the plate. 

6 And if this trough is joined with the first 
trough, perhaps (it will be satisfactory). 

Then 

7 make three rulers, of wood or brass, 

8 that the thickness of each one to be the amount 
of the width of the trough, and the length of 

9 one of these rulers be to the amount of a third 
of the base of the triangle. 

10 And we call this the next-day ruler, and let 
the length of each 

11 of these other two be to the amount of two 
thirds of the base of the triangle. 

12 One of these we call the day ruler, and the 
other 

13 the night ruler. Then put the night ruler 


Marginal addition. 
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1 in the second trough, and the next-day and 
day rulers 

2 put in the first trough in such fashion that 

the 

3 next-day ruler be from the side of the right 
angle. And these 

4 rulers must be able to move (i.e. slide) in 
these troughs, but should not be (capable of 
being) raised above the surface of the 

5 plate, but the visible surfaces of the rulers 

6 should be like a single plane surface. 

7 And divide the face(s) of the ruler(s) into 
the divisions of the base of the triangle and 

8 its minutes. So the next-day ruler (will be 
divided) into eight 

9 parts, and those other two (into) sixteen, and 

10 write the signs of the numbers of each ruler 
from the side of the 

11 acute angle along the base of the triangle. 

12 And between the trough and the perimeter of 
the plate, write the numbers of the hours 

13 and of the fives of minutes of the base of 
the triangle 
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1 from the side of the acute angle to the 

2 right angle. And write the numbers of the 
divisions of (planetary) paths, and 

3 the fives of their minutes from the right angle 

4 from beginning to end. And at the extremity 
of 

5 the acute angle, which is from (where) the 
beginning of the numbers of the hours, 

6 has been made, drill a minute hole. 

7 And make a thread to pass through that hole, 

(in length) 

8 to the amount of the hypotenuse of the right 
triangle. Or, on the face of the plate emplace 
an 

9 edged ruler, to the amount of the (above-) 
mentioned hypotenuse, and fasten it to an axis 

10 on the (above-)mentioned drill(-hole) such 

that that 

11 ruler move about that axis. And we 

12 call this ruler the turning ruler. 

13 And the picture of the plate is this* 
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Figure 2. The Plate of Conjunctions 
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2 
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4 
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6 
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10 

11 

12 

13 


THE SECOND TREATISE: 

On the Operation of the Plate of Heavens, 
Containing Fifteen Chapters and a Conclusion. 
CHAPTER ONE: 

On the Arrangement of the Instrument. The apogee 
of the sun, which had been put on the plate, 
put opposite the apogee of the sun on the divi¬ 


sions of the ring, 

i.e. put it on the position of the sun which has 
been obtained from the table. 

And stick the peg into one of the holes, and 
when a time 

passes, so that the apogee should have moved 
from its position, 

the peg having been withdrawn, give (the plate) 
that motion, 

CHAPTER TWO: On the Extraction of the Mean 
(Positions). 

Whenever it is desired to extract the mean 
(positions) of the planets at that (i.e. at 
such and such a) time, 

determine that time from the Persian calendar. 

If it is in the explicit years (of the table), 
take exactly what is written opposite that year 
for each planet. 
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1 But if it be before or after, take opposite a 
year (such) that 

2 between it *and the desired year* there be to 
the amount of one of (the tabulated) sum(s) 
of complete years. 

3 And that which is opposite that incomplete 
year to that which 

4 has been taken opposite that complete year, 
add if the desired year 

5 is after the incomplete years (tabulated). 
Otherwise that which was obtained opposite the 

6 complete years, and that which was obtained 
opposite the incomplete years, subtract 
(them). 

7 Then, that which is found opposite the desired 
month and day from the table of 

8 months and days, add to the result (obtained 
for) the first of the year 

9 so that the mean (position) in the desired 
year and month and day result, for 

10 noon at the longitude of Constantinople, may 
she preserve in safekeeping 

11 her lord from calamities and affliction, and 
that is 60 ; 0 °. 

12 And if (it) is desired at a longitude other 
than 60 °, (the amount) between the two longi¬ 
tudes 

13 having been made (into) hours and minutes, 
whatever it become, the result of 
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1 the motion (for) one hour, which we have put 
in the table, multiply by that (number of) 

2 hours and minutes, and increase by the product 

3 the result of the mean (motion) for the noon 
of (longitude) 60 

4 if the desired longitude is less, and decrease 
(it) if (it) is more. 

5 And in the same manner, if (it) is wanted at 
a time other than noon, 

6 the hours and minutes passed beyond noon, 

7 or those remaining until noon, multiply by 
the motion of the mean 

8 in one hour, and the result is added to the 

9 (above-)mentioned result if (it) is after 
noon, and decrease (it) 

10 if it is before noon, the result will be the 

11 desirod mean at the desired time. And the 
mean of the 

12 sun is exactly the mean of the two inferior 
(planets), and this is equal to 

13 the mean anomaly of each of the superior 
(planets), i.e., it is 


85 



. t&JC/fJ txjgg 

&*\i/OjS,MU',ts,y,si _ 




TRANSLATION 


5 


f.!9v 



1 

equal to their compound anomaly. And since 

the sun's mean 


2 

is exactly the mean of the inferior (planets), 
we have not put their mean (longitudes) in the 

table, 


3 

and in place of it we have written their 
compound anomalies. 


4 

CHAPTER THREE. On the Determination of the 

True Longitude of the 


5 

Sun, and Its Equation, and Its Distance from 
the Center of the Universe. According to 
(the sun's) 


6 

mean (longitude) put a mark on the divisions 
of the ring, and this we call the mark of the 


7 

mean. Then, make the edge of the ruler to 

pass alongside the mark of the 


8 

mean and the fictitious center so that the 

& 


beginning of divisions of the 


9 

ruler fall on the mark of the mean. And (then) 



the edge of the alidade 

v *> . v -y 

10 

is made parallel to the ruler, i.e., the two 



arcs which are formed 

* A 011 >• 

11 

between the two rulers having been made equal. 

»V A 

o® .& 

Q fiP 

12 

And at the position of the alidade at the 


divisions of the ring, near the mark of the 

A 

13 

mean at the divisions of the ring, a mark is 

<? 


placed and that we call the true position. 


r 
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1 From the first (point) of Aries to the true 
position will be the true longitude, and (the 
angular distance) between the mark of the 

2 mean and the true position is the equation. 
And between the ficticious center 

3 and the mark of the mean, (measured) in divi¬ 
sions of the ruler is the sun's distance 

4 from the center of the universe, in such 
divisions that half the external (i.e., 
deferent) diameter is sixty, 

5 but God knows better. CHAPTER FCUR 

6 On the Determination of the True Longitude 
of the Moon. If the sun's mean is taken 
from the moon's mean 

7 a distance remains (the mean elongation), and 
if the distance is doubled the center (of the 
deferent) of the 

8 moon becomes known, and this is called the 
doubled distance (the double elongation). 
Then having put the pointer 

9 according to the moon's center on the divi¬ 
sions of the ring, 

10 at the place of intersection of the edge of 
the alidade with the moon's deferent, make a 
mark. 

11 Let this be the mark of the moon's (epicycle) 
center. Then put the edge of the ruler 

12 along the opposite point and the mark of the 
center, 

13 and make the alidade parallel the ruler, and 
at the place where the pointer of the alidade 
has fallen 
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1 make a mark at the divisions of the ring. And 
this is the beginning of the motion of the 

2 anomaly. And after this move the alidade 
contrary to the succession (of the zodiacal 
signs) 

3 to the amount of the lunar anomaly, i.e., the 
anomaly 

4 however many signs and degrees and minutes it 
be, from this beginning, count off that many 

5 signs and degrees. Wherever it ends, at the 
mark of the 

6 difference, make a mark. And make sure it is 
opposite the direction of the 

7 end of the anomalistic motion, and let this be 
the difference mark of the 

8 moon. And after this, the edge of the ruler 
is placed along both the mark of the 

9 center and the difference, and make the alidade 
parallel (to the ruler). 

10 At the position of the pointer of the alidade 
near the mark of the center make a mark 

11 on the divisions of the ring, and this we call 
the true position. Then 

12 tho excess of the moon's mean over the center 
between the first (point) of Aries and the 

13 true position, lot (it) be increased. The true 
longitudo results, but God knows better. 
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1 CHAPTER FIVE. On the Determination of the 
True Longitude of the Five Planets. 

2 Place the pointer of tho alidade according to 
the moan (longltudo) on the divisions of the 
ring, 

3 and, having mode tho odge of tho ruler to pass 
alongside tho oquant, 

4 make it parallel the alldado. Then, at the 
place of intersection of the edge of tho 

5 ruler with the deferent of each planet make a 
mark. This shall bo the 

6 center mark of that planet. Then put the 
pointer of the head of the alidade 

7 at the mean of the sun in the case of each 
one of the 

8 superior planets, and at the difference mark 
of each make a mark 

9 on the plate. This will be the longitudinal 
difference mark of 

10 that planet, and make sure that the difference 
mark (in the case) of a 

11 superior (planet) is always along a line 
which joins 

12 the center to the opposite (i.e., the supple¬ 
ment) of the sun's moan (longitude). But as 
for tho inferior (planets), the pointor of tho 

13 olidado is put along the compound anomaly of 
each one, and at tho mark of the 
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1 difference put a mark on the plate. And this 
is the mark of the 

2 difference of that planet, and this also will 
befall in a direction 

3 opposite to that of the compound anomaly. And 
after that, make tho edge of the 

4 ruler pass along the mark(s) of the center and 
tho difference of oach planet, 

5 *and put the edge of the alidado parallel to the 
ruler.* At the position of the pointer of the 
alidade which is near tho mark of the 

6 center a mark is put, and that will be the 
true position, and from the first (point) of 

7 Aries to the true position will be the true 
longitude of that planet, 

8 but God knows better. CHAPTER SIX. On the 
Determination of Equations, and the Determina¬ 
tion 

9 of the Center, and the Adjusted Anomaly. Although 
for the extraction of the true longitudes with 
this 

10 instrument we do not need these equations, 
nevertheless if we want 

11 to know (them), according to the moan of each 
planot, a mark is put on the ring, 

12 and, having put the edge of the alidade along¬ 
side tho mark of tho (epicycle) centor, at the 

13 pointer of the alidade near the mean (i.e., on 
the same side as the moan), mako another mark. 

On the ring, 
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1 botween the two marks (measured) in the divi¬ 
sions of the ring will be the equation of the 
sun and the 

2 first equation of the planet(s). And the first 
oquation of tho moon will be to tho amount 
betwoon 

3 the second mark and the mark of tho beginning 
of the anomalistic motion. 

4 And the second equation of a planet will be to 
the amount between the second mark and the 

5 true position of that planet. And the place 
of the second mark, let it be the 

6 adjusted mean of the sun and any one of the 
planets. 

7 And if the (longitude of the) apogee of each 
planet be subtracted from its adjusted mean, 

8 the adjusted center of that planet will remain. 
And if the 

9 adjusted mean of each of the superior (planets) 
be subtracted from the sun's mean, and the 

10 adjusted mean of each of the inferior (planets) 
from its compound anomaly, 

11 the adjusted anomaly of that planet remains, 
but God knows better. 

12 CHAPTER SEVEN. On the Determination of the 
Latitudes of tho Six Planets. 

13 In the case of the moon, increaoo the mean of 
tho nodes by tho true longitude of tho moon; 
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1 the argument of the (lunar) latitude will result. 
Then the pointer of the alidade is put according 
to 

2 the argument of the latitude, or corresponding 
to the argument of the latitude on tho divisions 
of the ring. 

3 And observe that the point of intersection of 
the edge of the alidade with the circlo of 

4 latitudo of the moon, on how many lines it has 
fallen, of the latitude lines. 

5 That will be the amount of the latitude. Then 
the argument of the latitude, if it is loss 
than six 

6 signs, its latitude will be northern; and if 
it is more than six 

7 signs its latitude will be southern. As for 
the latitude of the superior (planets) 

8 and the second latitudo of the inferior planets, 
increase by the adjusted center of each one of 

the 

9 superior planets between the apogee and the 
ascending node of that planet, 

10 

11 

12 

13 and the result we call the center of latitude. 
And with tho inferior planets, with the 
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1 adjusted center we finish the operation. Then 
the pointer of tho alidade is put according to 

2 the adjusted anomaly (measured) in the divi¬ 
sions of the ring. And on the plate by the 
mark of tho 

3 difference a mark is mado, and this wo call 
the first mark. 

4 Thon lot the alidade bo erectod perpendicular 
to the equating diameter, and, tho edgo of tho 

5 ruler having been put boside the first mark, 
make it parallel the alidade. 

6 And at the intersection of tho odge of the 
ruler and the equating diameter let 

7 another mark be made, and this we call the 
second mark. Then the edge of the alidade 

8 is turned so that it coincides with the equat¬ 
ing diameter, and the second mark 

9 is transferred to the alidade. And the alidade 
is turned by the amount of the maximum inclina¬ 
tion of the (epicyclic) diameter 

10 passing (through) the epicyclic apogee and 
perigee of each planet, (measured) from the 
beginning of divisions. 

11 

12 

13 


[Maximum inclination of th 

passing (through) tho 
__and porj 

e (epicyclic) diamoter 
(epicyclic) apogee 
aoe_ 

T? 

4- 

df 

$ 

5 
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2, ISO 

(-)2,30° 

6, IS® 
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TRANSLATION 


f.23v 

1 Then, on the plate, at the place of the second 
mark, which had been mado on the edge of the 
alidado, 

2 a mark i6 mado, and that we call the third 
mark. Thon, 

3 for the suporior (planets), the pointer of the 
alidade is put according to tho maximum incli¬ 
nation 

4 of the inclining (deferent plane) from the 
parecliptic, and, the odge of the ruler having 
been placed along the 


5 

Maximum inclination of the inclining of the 
planets from the parecliDtic. 

6 


4 

d 1 

$ 

2 

<t 

7 

2*30° 

1 ;30° 

1,00 

0,10° 

0,45° 



8 third mark, it is made parallel to the alidade. 


And on the plate, from 

9 the third mark on the place of the edge of 
the ruler to an amount (being) the 

10 difference mark of that planet in the direc¬ 
tion of the beginning of divisions in proper 
style 

11 a line is drawn. And this line we call the 
line of inclination. And for the inferior 
(planets) 

12 the edge of the ruler having beon put along 
the third mark, the ruler is made to 

13 parallol the equating diamotor, and from the 
third mark 
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TRANSLATION 


f.24r 

1 on the plate, in the direction of the beginning 
of divisions, to the amount of the difference 
mark of that 

2 planet, the line of inclination is drawn. Then, 
on the equating diameter near 

3 tho point of latitude a mark i6 made such that 
its distance from the second mark shall bo 

4 to the amount of the distance of the third mark 
from the far latitude point 

5 if the center of latitude is less than six 
signs, and otherwise from the near 

6 latitude point with the assistance of the divi¬ 
sions of the ruler or compass, 

7 and this mark we call the substitute for the 
point of latitude. And on the line of inclina¬ 
tion 

8 we seek a point such that the distance between 
that point and the substitute for the point of 

9 latitude shall be equal to the distance between 
the substitute for the point of latitude [and]* 
the 

10 first mark, with the help of a compass or ruler, 
and we call this the 

11 desired point. After that, the edge of the 
ruler having been put along the 

12 desired point and the substitute for the point 
of latitude, hold it (there), and let the ali- 
dado be mado 

13 parallol to the ruler. And, the alidade being 
parallel to tho ruler, 
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TRANSLATION 


f.24v 

1 thereupon observe along (to) the pointer of the 
alidade (to see) on which division it 

2 has fallen of the divisions of the ring, and 
its distance from the direction of the equating 
diameter 

3 is how much. This will be the maximum [incli¬ 
nation]* of the part of the planet 

4 from the epicycle from the inclined surface, 
(i.e. deferent plane) in the inferior (planets)j 
and in the superior (planets), those 

5 parts of the extremity of the inclination of 
the deferent, let (them) be decreased from the 
parecliptic 

6 if the adjusted anomaly is less than a quadrant 
or more than three quadrants, 

7 and otherwise (it) is (to be) increased until 
the maximum inclination of the part of the 
planet 

8 from the epicycle from the plane of the signs 
(i.e., the ecliptic) results. Then, the alidade 
having been erected 

9 perpendicular to the equating diameter, along 
the edge of the alidade, at the place of 

10 intersection of tho alidade edgo with (that) 
lino of the latitude lines which is 

11 equal to the maximum inclination of the part 
of the planet from the epicycle 

12 to tho surfaco which is inclined with (rospoct 
to that of the) signs, let a mark bo mado 
(there). And wo coll this the mark of 

13 latitude. And after that, the pointer of the 
alidado having been placed 

Read for . 
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TRANSLATION 


f.25r 

1 according to the center of latitude on the 
divisions of the ring, note 

2 that the latitude has fallen on which line of 

3 the lines of latitude; this will be tho desired 
latitude. Thon, if the centor of 

A latitudo of the superior (planot) is less than 
six signs its latitude will be north, 

5 and if (it) is more, (its latitude will) be 
south. And if the adjusted center of the 

6 inferior (planet) is less than six signs and 
the adjusted anomaly less than 

7 three signs or more than nine signs, or less 
the adjusted center 

8 more than six signs and the adjusted anomaly 
more than three signs 

9 and less than nine signs, the second latitude 
of Venus will be north, 

10 and that of Mercury south; and otherwise that 
of Venus south 

11 and Mercury north. But (as for) the third 
latitude of the inferior (planets), let the 

12 second equation of the planet be known at the 
greatest distance (i.e. at the apogee), if 
the 

13 adjusted center is less than three signs or 
more than nine signs, 
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TRANSLATION 


f.25v 

1 and otherwise let the second equation of the 
planet be determined according to the apogee, 

2 and take a third of a sixth of the equation 
for Venus, 

3 and for Mercury, multiply the oquation by seven 
minutes 

4 if (it) is obtained on (the side of) the apogee, 
otherwise multiply It by eight 

5 minutes; the obliquity results. Then 

6 soek the linos of latitude according to the 
obliquity, and, the alidade 

7 having been erected perpendicular to the equat¬ 
ing line, note that the 

8 desired line, that is, that line which is equal 
to the obliquity, 

9 on which division had (it) fallen of the divi¬ 
sions of the edge 

10 of the alidade. On that division make a mark. 

Let this be the mark 

11 of latitude. Then let ninety degrees be increased 
by the adjusted center of each planet, 

12 and the result we call the center of latitude. 

Then let the 

13 pointer of the alidade be placed along the center 
of latitude, or opposite the center of latitude 
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f.26r 

1 place it, from the divisions of the ring, and 
observe that the latitude mark 

2 on which line of the latitude lines it has 
fallen, (this) will be the 

3 third latitude of that planet. Then, if the 
adjustod center of that planet is 

4 less than throo signs, or moro than nino signs, 
and the 

5 adjustod anomaly more than six signs, the 
third latitude of 

6 Vonus will be south and (that of) Mercury north, 
and otherwise Venus will be north and 

7 Mercury south. But (as for) the first latitude 
of the inferior (planets), let the pointer of 
the 

8 alidade be put along the center of latitude, 
or opposite the center of latitude, 

9 from the divisions of the ring, and observe 
that the edge of the alidade 

10 has intersected with the latitude circle of 
that planet at which line of the lines of 

11 latitude. On that line let a mark be made, 

12 and, the alidade having been turned perpendi¬ 
cular to the equating diameter, observe 

13 the place of intersection of the edgo of the 
alidade with the markod lino, 
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TRANSLATION 


f.26v 

1 and at that place on the edge of the alidade 
mako a mark. 

2 Let this be the latitude mark. Then lot the 
pointer of the alidade be returned 

3 along(sido) the cantor of latitude, or along 
tho opposite to the center of latitude, the 
mark 

4 of latitude, on whichever lino of the latitude 
lines (it) falls will be 

5 the first latitude of that planet. The first 
latitude of Venus is 

6 always north, and Mercury south. Then, since 
the 

7 three latitudes of each planet have been found, 

8 if all are in a similar direction, let them be 
added, and otherwise, 

9 like latitudes having been added, the difference 
between the sum and the opposing (latitude) 

10 is obtained '(that) the adjusted latitude result, 
and the direction of the true latitude is the 

11 direction of tho sum first and the direction 
of the difference 

12 secondly, but God knows better. CHAPTER EIGHT 

13 On the Determination of tho Distances of the 
Planets from tho Center of the Universe. Be 
it known that tho distance of the 
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TRANSLATION 


f.27r 

1 mark of the center of each planet from the 
difference mark of 

2 that planot is equal to the distance of the 
contor of the body of that planet 

3 from the contor of the universe, and the distance 
of the center mark of oach planet from the center 
of the 

4 plate is (equal) to the amount of the distance 
of the epicycle center of that planet 

5 from the center of the universe. And these 
distances are determined in such divisions 
that 

6 half the plate diameter is sixty divisions from 
the sides of the two rulers. 

7 And the custom of those who are of this art has 
thus become current, 

8 that the evaluation of the distances of the 
planets and the sun is made with divisions 

9 such that half the diameter(s) of their deferents 
shall be sixty. 

10 And the evaluation of the distances of the moon 
are with divisions such that half the inclined 
diameter 

11 is sixty. Then, if it is desired that from 
those 

12 apparent divisions (the number of) thoso divi¬ 
sions which (ore used to) evaluate them 

13 bo known, multiply oach of those (valuos in) 
known divisions by a quantity 
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TRANSLATION 


f.27v 

1 such that the ratio of this quantity to ono 
division of the divisions of the 

2 diameter be the same as the ratio of half the 
plato diamoter to half the 

3 diameter of tho doferent heaven of that planet. 
And wo, having extracted this quantity for 
each 

4 planet, have put it in a table, and that 

5 table is thisi 


© 

<c 1 


4 

C? 

$ 

2 

i»o,o 

1,0,0! 

1,9,11 

1,4,55 

1,19,12 

1,1,3 

1,13,56 


8 And since half the plate diameter is (equal) 
to the amount of half the diameter of the 

9 eccentric (orbit) of the sun, thus the plate 
circumference is the 

10 eccentric deferent of the sun, as was prescribed 
in the First Treatise, 

11 and (it) is to the amount of half the diameter 
of the inclined (orbit). The apparent distance, 
ascertained by* means of the 

12 two rulers, that same distance will be the 
desired quantity, but God knows better. 
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TRANSLATION 


f. 28 r 

1 CHAPTER NINE. On the Determination of Retro- 
gradations 

2 and Forward (Motions) and Stations of tho Pla¬ 
nets and thoir Times. 

3 For the determination of rotrogradations, and 
forward motions, and stations, 

4 extract the true longitude of the planet for 
successive days. If 

5 it (the true longitude) is increasing it (the 
planet) will be (in) direct (motion), and if 
it is decreasing it will be retrograde, 

6 and if it is neither increasing nor decreasing 
it will bo stationary. 

7 But, as for the determination of direct and 
retrograde stations, 

8 when the adjusted anomaly reaches the limits 
of the retrograde 

9 and direct stations, which are placed in the 
table, ascertain the 

10 distance of the center of the epicycle from 
the center of the universe, in the divisions 
of the diameter of the plato. 

11 And this is the distance of the mark of the 
center from the plate conter, 

12 and wo call this the preserved distance. After 
that, the greatest distance and the 

13 least distance of the opicycle conter of that 
planet are determined in divisions of the 
diameter 
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f. 28 v 

1 Tho method of determining that is thusi that 
the alidade is turned 

2 opposite until it passes through the apogoe 
and perigee. The distance of the 

3 point of intersection of the alidado with the 
deferent of that planet from the contor of tho 

4 plate on the side of the apogee will bo the 
farthest distanco, and on the sido of the 
perigee is the 

5 nearest distance, except for Mercury, for 
which the nearest distance 

6 is not this, but it is a point of its deferent 
(found by) dividing (its deferent) into three 
parts (from the) 

7 apogee. And the differences between the 
farthest distance and the nearest distance 
*is obtained. And the greatest and least 
distances* of the planets 

8 and the differences between the two in divi¬ 
sions such that half the diameter of the plate 
6hall be 

9 sixty, we have put in a table that, when 
needed, 

10 it may be taken from there. And that table 
is this* 

11 

12 

13 

14 


Distances 


4 

<* 

? 

a 


Farthest distance 

55,0 

58,0 

50,0 

60,0 

56,0 

1 

Nearest distance 

49,4 

52,56 

40,54 

57,56 

45,6 ' 


Difference 

5,56 

5,4 

9,6 

2,4 

10,54 

* 


"Marginal correction. 
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TRANSLATION 


f.29r 

1 Then subtract the preserved distance from the 
farthest distance in (the case of) the superior 
(planets) and 

2 Venus, and tho nearest distance of Mercury, 
subtract it from tho presorvod distance. 

3 And tho remainder multiply botwoon tho begin¬ 
ning of the limits of tho stations and their 
ends. 

4 And that is placed in the table. And tho 

5 product is to be divided by the difference 
between the two distances, and the quotient, 


The Planets 

n 

4 

& 

£ 

$ 

Beginning of the limits 
of the retrograde sta¬ 
tions and all the begin¬ 
ning of the limits of 
the direct (stations). 

3‘22;45 

4‘7;6 

5 S 7;I4 

5 S !5;4? 

4‘24;29' 

End of the limits of 
the retrograde sta¬ 
tions. 

3 *250 

4*10:11* 

5*18148* 

5V 

4*27;14‘ 

The difference between 
the two. 

2.44 

3;5’ 

ll;34* 

l-At 

2;45‘ 


10 increase by tho beginning of the limits of the 
retrograde stations, 

11 so that tho rotrograde station result. And if 
the rotrograde station is subtracted from a 
revolutionj 

12 the direct station will remain. Or (elso) 

the 

13 quotient is subtracted from tho ends of tho 
limits of the direct station 
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TRANSLATION 


f.29v 

1 so that the direct station result. The 

2 direct station is subtracted from a revolution; 
the retrograde station will remain. 

3 And the rotrograde station is called the first 
stationj tho direct station the 

4 second station. So, whenovor tho adjustod 
anomaly passes the station, 

5 tho planet will bocomo retrograde, and if it 
passos the second station 

6 it will become direct. And if it is in the 
first station its stance will be 

7 retrograde, and in the second station its stance 
will be direct. 

8 But the two luminaries (i.e. the sun and the 
moon) will never be (in) other than direct 
(motion). However, if a planet is direct 

9 and we want to know when it will become retro¬ 
grade, the adjusted anomaly is subtracted 

10 from the (value at) first station, and the 
remainder is divided by the 

11 diurnal motion of the anomaly. The quotient 
will be such a time 

12 that after that time the retrogradation will 
occur. And if it is retrograde 

13 and the tlmo until it becomes direct is required, 
the adjusted anomaly having been subtracted 

from the (value at) 
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TRANSLATION 


f.30r 

1 second station, perform the same operation, 
but God knows better. 

2 CHAPTER TEN. On tho Knowledge of 

3 Apogee and Epicycle Sectors. The sun and the 
other planots in tho 

4 eccontric orbits have four sectors. The 
beginning of the first sector is tho apogoe, 

5 and the boginning of the third soctor is the 
perigeo. But (as for) the beginning of the 
second sector 

6 and the fourth (sector), if it is (reckoned) 
on the basis of distance it will be there 
where the distance(s) of the sun 

7 or of the epicycle center from the center of 
the universe and from the eccentric center 
are equal. 

8 But if it is (reckoned) on the basis of move¬ 
ment, it will be there where the sun's movement 
would 

9 not be speedy and not slow. And other than 
the sun, of the planets, 

10 in the epicyclo there are also four sectors. 

The beginning of the first and third 

11 will bo the apparent epicyclic apogee and 
perigee, and the beginning of tho socond and 
fourth, according to 

12 distance will bo thoro where the distance of 
tho planot and the centor of tho opicycle from 
the conter of the univorse 

13 are equal. And according to movement (it) 
will be there where the movoment, according 
to tho center, 
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TRANSLATION 


f.30v 

1 is alone (i.e., the only one). And both of 
thoso, bocausc of tho difference in distance 
of the opicycle center from the contor of the 

2 univorso, differ. And wo, having taken from 
the (Khaqanl) zTj the beginnings of the apogoe 
sectors (reckoned) according to 

3 distance, in ordor that thoy bo known, wo made 
on the doferent of ovory planet 

4 some marks. So the apogee sectors can be 
determined by means of the marks. 

5 As for the epicyclic sectors, if on the plate 
a mark of the 

6 center and of the longitudinal difference had 
been made, the edge of the alidade 

7 is put along the mark of the center, and look 
along to the difference mark. 

8 If it is on the right of someone who is facing 
the alidade under the condition that 

9 the mark of the center fall opposite the head 
of that person, and hence 

10 if the distance of the centor mark from the 
[difference]* mark is larger than the distanco 
of the 

11 center mark from tho center of the plate, the 
planet must be in the first sector, and if it 
is less, 

12 it will be in the second. And If the mark of 
longitudinal difference is on the 

13 left of that person, and the distance of tho 
center mark from the mark of the 


*The word .—is lacking in the text. 
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TRANSLATION 


f.31r 

1 difference is less than the distance of the 
center mark from the center of the plate, it 
will bo 

2 in the third soctor, and if it is more it will 
bo in the fourth sector. 

3 And whenevor the planet is in the first and 
socond soctors it will be 

4 increasing in the number of the computation, 
and in the third and fourth sectors it will be 

5 decreasing. But the condition of the moon is 
opposite this in the increase 

6 and decrease of the computation. And if the 
planet is in the first or 

7 fourth sector it will be decreased in magnitude 
and light, but if it is in the second 

8 or third it must be increased. But as for the 
increase and lessening in light of the 

9 moon, it will be according to its distance from 
the sun, but in magnitude 

10 it is like the other planets, but God knows 
better. CHAPTER 

11 ELEVEN. On the Determination of Lunar Eclipses. 
(At) any true opposition 

12 which is in the night or which falls on (either 
of) the two sides of the day, 

13 loss than two hours and four minutes having 
passed from the first of the day 
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f.31v 

1 or remaining from the end of the day, and the 
moon's latitude being less than the 

2 amount of the sum of [half] the diameter of 
the moon and half the diameter of the 6hadow 
circle, 

3 a lunar eclipse is possible. Othorwiso, if 
the amount of the sum is half tho 

4 two diamoters the moon will be tangent to the 
shadow circle, and a lunar oclipse 

5 will not occur. And if it is greater than the 
sum of half the two diameters a 

6 lunar eclipse will not be possible. So if 
the distance of the moon from one of the 

7 two nodes is greater than twelve degrees a 
lunar eclipse 

8 will not be possible, but if it is less than 
twelve degrees and [the lunar latitude at 
conjunction] more 

9 than twenty-nine minutes a partial lunar eclipse 
will 

10 occur, and if it is less than this a total 
lunar eclipse will befall. 

11 So, any time it become known that a lunar 
eclipso is to befall, put the 

12 edge of the alidade along the first of Aries 
and elevato tho minutes of tho moon’s latitude 

13 into degrees, and to the amount of these 


^Lacking in the text. 
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f.32r 

1 elevated degrees in divisions of the diameter 
on the plate make a mark. 

2 And the pointer of the alidade is moved until 
it reaches one of the two solstices, 

3 and it is nocossary that the edge of tho alidado 
be beside the mark. 

4 And the edge of tho ruler is put alongside this 
mark in such fashion that 

5 the lunar eclipse mark, which is on the ruler, 
fall on this mark, 

6 and the other head of the ruler, which is near 
the mark of 

7 first totality, fall on the edge of the alidade. 
Without fail, from the edge of the 

8 ruler and the alidade an angle is formed. So 

9 observe that between the vertex of the angle 
and the center of the alidade how many 

10 of the divisions of the alidade there are. What¬ 
ever it is, double it, 

11 then depress it one (sexagesimal) place, i.e., 
count each degree a minute. 

12 That which results is the time of immersion. 

And if the lunar 

13 eclipse is total, that which was done with the 
lunar eclipse mark 
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TRANSLATION 


f.32v 

1 do it with the mark of (first) totality [60 
that] the hours of 

2 totality can be ascertained. Then the time of 
opposition, 

3 put it in five places! from the first subtract 
the timo of immorsion and 

4 from the socond the timo of totality, and the 
third, put it in 

5 its (previous?) placo, to the fourth add the 
timo of totalityi 

6 and to the fifth the time of immersion, so 
that from the first the 

7 time of beginning of the lunar eclipse, and 
from the second the beginning of totality, 

8 and from the third the middle of the lunar 
eclipse, and from the fourth the beginning 
of clearance, 

9 and from the fifth the end of clearance result. 
But if the lunar eclipse 

10 is not total the time of opposition is put 
in three 

11 places. The result from the first will be the 
time of tho beginning of the lunar 

12 eclipse, and from the second the middle of the 
lunar eelipso, and from tho third the 

13 end of the lunar eclipse. Then, according to 
the olevate of tho lunar latitudo, 


*MS. has 


L for L* . 
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f.33r 

1 in divisions of the ruler, from that hoad which 
is in the vicinity of the mark of 

2 totality, in front of the division, the digits 
aro sought, 

3 and from that face of tho ruler tho lunar 
oclipso digits are ascertained, 

4 but God knows better. CHAPTER TWELVE. 

5 On the Determination of Solar Eclipses. If a 
conjunction befalls 

6 during the day or on one of the two sides of 
the night, 

7 and the part of the conjunction (is) after 
the head (i.e. ascending node) and before the 
tail (i.e. descending node), 

8 and the distance of that part from the node is 
less than sixteen degrees; 

9 or before the head, and after {that part from 
the node (is) less 

10 than sixteen degrees; or before the head 

11 and after)* the tail and the distance of the 
part from the node is less than seven 

12 degrees, a solar eclipse is possible. So, 
whenever a solar 

13 eclipse is possiblo, opposito the part of the 
conjunction and the hours of the 


*Passago in braces is repeated also in the text. 
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TRANSLATION 


f.34r 

1 distance from the table of the difference of 
hours (parallax), each one 

2 of tho hours of difference and the difference 
of latitude, 

3 obtain them. And tho hour6 of difference of 
distanco, add (them) to the time of the conjunc¬ 
tion 

4 if the conjunction is wostorly, and subtract 
them from tho time of the 

5 conjunction if it is easterly, so that the 
time of the middle of tho solar 

6 eclipse result. After that, the lunar latitude 

7 at the middle of the solar eclipse is obtained; 
if (it is) northerly (take) the difference 

8 between it and between the difference, and if 
it is southerly they are 

9 added, so that the apparent latitude result. 

(If it is) less than thirty- 

10 three minutes a solar eclipse will occur, and 
otherwise not. And when it is to be 

11 eclipsed, do with the apparent latitude and 
the mark of tho solar eclipse 

12 as had been done with the lunar latitude and 
tho lunar eclipso mark 

13 so that tho times of tho beginning of tho solar 
oclipso and the middle 
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f.34v 

1 and the middle of the solar eclipse and 
clearance become known. And the solar 
eclipse digits 

2 are determined like the lunar eclipse digits. 
And the determination of tho hours of 

3 conjunction and opposition, let it come in 
the conclusion, if God will, Ho is exalted! 

4 CHAPTER THIRTEEN. On the Determination of tho 
Mean of Transfer 

5 by Moans of the Truo Longitude of the Sun at 
a Given Time, and the Hours 

6 after the Transfer. The pointer of the alidade 
is put according to the true longitude of the 
sun 

7 at the assumed time on the divisions of the 
ring, and the edge of the ruler having been 
put 

8 along the fictitious center, make it parallel 
to the alidade. 

9 And at the place of intersection of the edge 
of the ruler with the circumference of the 
plate let a 

10 mark be made. Then the edge of the alidade 
is put along this markj 

11 the place of the pointor of the alidade in 
divisions of the ring will bo the mean of 

12 transfer. Thon tho moan is extracted on the 
approaching 

13 noon at tho assumed time, and this mean, 


k-'j) is repeated from the previous page. 
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f.35r 

1 let it be subtracted from the mean of transferj 
the remainder Is divided by the motion (in) 
one mean hour. 

2 The quotient will be the distanco of tho trans¬ 
fer from the coming 

3 noon. CHAPTER FOURTEEN. 

4 On tho Dotormination of the True Altitude from 
the Apparont and the Determination of the 

5 Apparont Altitudo from the True, and tho [Paral¬ 
lax]* 

6 in the Altitude Circle. The pointer of the 
alidade is placed at the first of Cancer, 

7 and from the center, on the side of the first 
of Cancer in the case of the moon, one division 

8 and two minutes is taken of the divisions of 
the alidade, and in the case of the 

9 sun, if the instrument is large, a little more 
than two minutes 

10 is taken. And for Venus two minutes is taken, 
and near the end 

11 a mark is made on the plate, and we call this 
the mark of [parallax] . 

12 Then, on the edge of the alidade, according to 
the distance of the sun 

13 or of the moon from the center of tho universe, 
and according to half the distance of Venus 
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f.35v 

1 from the center of the universe a mark is 
made, and we call this the (parallax) 

2 mark of the planet. Then, if the apparont 
altitude is known 

3 and it is desired to ascertain the truo longi¬ 
tude, the pointer of the alidade is turned 

4 from tho first of Aries along the succession 
(of the zodiacal signs) by the amount of the 
apparent altitude, 

5 and, the edge of the ruler having been put 
along the parallax mark, turn it parallel to 

the 

6 alidade, and on the plate at the planet's 
mark, 

7 a line is drawn alongside the edge of the 
ruler. Then the alidade is turned 

8 until the mark of the planet falls along this 
line, and the distance of the pointer of tho 

9 alidade from the first of Aries is the true 
altitude of [that]* planet. 

10 And the difference between the two altitudes 
is its parallax 

11 in the circle of altitude. And if the true 
altitude 

12 is known and the apparent altitude is wonted, 
the pointor of the alidade is turned 

13 in the direction (of the signs) from tho first 
of Aries to the amount of the true altitudo. 


For read 
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f.36r 

1 and at the place of the mark of the planet, 
which had been made on the alidade, 

2 a mark is made on the plate. Then tho edge of 
the ruler is placed 

3 along this mark and tho mark of parallax, and 
tho alidado is turnod 

4 parallel to tho ruler. The distance of the 
pointer of the alidade from the first of 

5 Aries is the apparent altitude of that planet, 
but God knows better. 

6 CHAPTER FIFTEEN. On the Determination of the 
Equation of 

7 Time. Those having to do with this art take 
the true day (nychthemeron) 

8 from noon to noon so that 

9 in the difference of locality there will be 
no differing. So let the amount of the 

10 true day be a rotation of the celestial equa¬ 
tor (together) 

11 with the rising (time) of that (arc through) 
which the sun in that day moves with respoct 
to the (celestial) 

12 equator. And the motion of the sun is diffe¬ 
rent (i.e., variable), 

13 since sometimes it is slow-travelling and 
somotlmes fast-travelling, 
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f.36v 

1 and also the rising (times) of the divisions 
of the zodiac are not equal. 

2 So the amounts of the true days are different 
with respect to 

3 both differences, and those concerned with 
computation nood days 

4 equal in amount for the knowledge of moan 
motions of 

5 planets, and for (problems) other than that. 

So that excess over a revolution has been 
taken equal to the 

6 travel in one day of the mean sun, so that 
the days of the year be 

7 sufficient, and these equal days are called 

8 mean days. And the amounts of (each of) these 
is a rotation of the celestial 

9 equator (together) with an arc equal to the 
travel of the mean sun in one day, 

10 and the difference between these days and the 
true days is called the equation of 

11 time. So, with regard to the determination of 
tho oquation of 

12 time, the true longitude of the sun and its 
mean is obtained 

13 at the assumed time. Then to the sun's mean 
throe degrees 
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f.37r 

1 and fifty-seven minutes and thirty seconds 
is added, 

2 and the excess of the sura of this over the 
(right) ascension of the sun is obtained. 

3 Then, for each dogree (of arc) of this excess 
four minutos of the 

4 minutes of hours aro taken, and for each ten 
minutos of the minutos of the excess (take) 

5 one minute of hours, and for each minute of 
the minutes of the 

6 excess four seconds are taken. The sum of 
the minutes and seconds of the hours will be 
the 

7 equation of time. From the true days and 
hours 

8 decrease them, the mean days will remain, but 
God knows better. 

9 CONCLUSION. On the Operation of the Plate of 
Conjunctions. Each one: the daily rate, 

10 and the past distance, and the time of noon, 
and the duration of 

11 night, should be ascertained. Then oxtend 
tho longer ruler to the amount of the time 
of 

12 noon, and tho head of the night ruler, which 
is 

13 in the second trough, is put opposite the 
duration of tho day 


157 












TRANSLATION 


f.37v 

1 on the divisions of the margin of the plate so 
that the distance of the head of the day ruler 

2 from the head of the night ruler i6 mado (oqual 
to) the amount of the hours of the day. And 

3 the next-day rulor is put according to the 
hours of tho night on the 

4 night ruler. Then the right angle will be 
opposite the hours of noon 

5 of the coming day on the next-day ruler. And 
that which of tho 

6 day ruler is opposite the night ruler lot it 
be disregarded. After that, the 

7 edge of the turning ruler or thread is placed 
according to the daily motion (or rate) in 

the 

8 divisions of travel, and the finger or pen- 
point is placed according to the 

9 past distance of the divisions of travel, and 
is run along the line 

10 extending from that division until (it reaches) 
the edge of the ruler or thread. 

11 Then descend along the line which runs from 
here into the divisions of the hour6 and the 
divisions of the 

12 three-fold rulers. And note that that 

13 line, except for the sogmont which is (to bo) 
disregarded, falls along which minuto 
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1 of which hour and which ruler. 

2 This is the hour of conjunction from the 
first (hour) of the day or the first (hour) 
of the night 

3 or of the coming day. And the place of that 
lino on the divisions of tho odgo 

4 is tho hours of the distance from the provious 
noon. 

5 And if the beginning of the hours of the con¬ 
junction from the day or the night 

6 or noon is known, and 

7 the distance unknown, by the reverse 

8 of this operation the distanco 

9 may be ascertained, 

10 but God knows better. 

11 Finished. 
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References 
line numbers of 
square brackets 
on page 251. 


to the text and translation give the folio and 
the Persian manuscript. Numbers enclosed in 
are references to the bibliography which begins 


THE PLANETARY EQUATORIUM 


1. The Introductlon_o_f__the Manuscript ( f, 2v.l -.4y,4) 

Folios 2v-4v are profatory to the main body of the work, 
and the style and arrangement are typical of introductions to 
medieval Islamic scientific books. In contrast to the bald and 
unadorned language of the text proper thooo first passages are 
writton in rhymed prose, in a florid and elaborate stylo. As 
was customary, the author chooses his figures of speech from 
the subject matter of his treatise, here astronomy. 

The opening lines (f. 2vil-10) are an invocation to God 
embellished with poetic allusions to the celestial portions of 
His creation. Assisted by a quotation from the Qur'an, the 
author then modulates into a short (f. 2vill - 3ri2) panegyric 
on the Prophet. 

Having thus paid his respects to established religion the 
theme is next announced - to enable the reader to solve astro¬ 
nomical problems without elaborate computation. The inventor 
on whom the anonymous author depends for his solution is named 
with fulsome praise, together with his two instruments. 

The last section of the introduction is (f. 3vil3 - 4vi4) 
a dedication to the patron, the Ottoman Sultan Bayazid II 
(1447-1512), and a closing plea for forgiveness should the 
reader detect mistakes. 

There follows (f. 4vi6 - 5v«7) a table of contents, after 
which the exposition proper begins. 

2, . ft>n^mUgn fft-titt.PlSK and qing (L 5vi? - 

These two members together mako up a large, 360° protractor, 
to be used for laying off all tho angular distances needed in 
tho subsequent operation of tho instrument. The distinguishing 
peculiarity of this protractor, aside from its size, is the fact 
that its interior, the plate, is to be so constructed that it 
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can be rotated inside the ring, and fixed in any desired posi¬ 
tion. The manner of achieving this is shown in Figure 1, 
(opposite f.llr) in which only a few details are conjectural. 

Tho perforated tongue and the matching holos in the ring 
prescribed in tho Persian text are not mentioned in the Nuzhoh . 
Instead Kashi proscribes (NS, p.270) that, the plate having 
boen sot in proper position with respect to the ring, it bo 
fixed with a bit of wax. This detail is the only one in which 
tho author of the Persian text has exhibited any originality 
whatever. In all other instances he simply chooses from among 
the possibilities suggested by Kashi. The use of a circular 
set of fine, equally spaced holes is found also in Chaucer's 
equatorium, but not for reproducing the apsidal motion. (Cf. 
[42], pp.49-52.) 

On our Figure 1 only four of the five circles demanded 
by the text have actually boen drawn. A circular scale showing 
all five may be seen on page 48 of [42]. 

In these passages the language of the Nuzhah and that of 
the Persian version are parallel, but with some divergence. 

In speaking of the size of the instrument the former says 
(NS, p.25l) 

The least that it is possible for its 
diameter to be is half of the great cubit 
( sl-dhlra c al-kablr ). but it is hotter if 
it be two cubits of tho HashimI cubits, or 
three cubits. 

A cubit is the length of a forearm. The variety known as 
the common cubit contains about 54.0 cm., the groat HashimI 
cubit about 66.5 cm., and the small HashimI cubit about 60.1 cm. 
(Cf. [13], p.55{ [49], p.49l), thus the ambiguity of the texts 
remains largely unrosolvod. 
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It is of interest to note that the same connection between 
size of the instrument and precision made by our author (f. 5vil3 - 
6ri2) is made also by Chaucer ([42], p.18), and in almost the 
same texms. 


3«. SY-*leg_of.Wr i 11 ng Jfrpbers 

As was custcoary with Islamic astronomical works, the num¬ 
bers in our text are represented by means of letters of the 
Arabic alphabet. Each letter has a numerical value found by 
coupling the letters, in the order of the old Semitic alphabet, 
with the sequence 1,2,3,..., 10 , 20 ,30,...,100,200,300,... . 

Integers are indicated by proper combinations of letters in 
what is thus a non-place-value decimal system. 

Fractions, however, are displayed in a place-value system 
with base sixty, the sexagesimal digits 0,1,2,...,59 being written 
as indicated above. We transcribe then as ordinary numerals, 
using commas to separate sexagesimal digits, and a semicolon 
as sexagesimal point. When arcs are involved, units of thirty 
degrees each may also be encountered, each one a zodiacal sign 
(burl, plural buruj ). For these we use a superscript s. Thus 
either 9 s 23,7,0,54© 0 r 293,7,0.54© means 

2,3 

Note that we write sexagesimals with the powers of sixty 
in the denominators increasing to the right, in the Arabic script 
they increase to the left. 

To elevate (Persian raf* kardan ) a sexagesimal means, as 
we would put it, to move the sexagesimal point one place to the 
right. The first elevate («arfG c ) of 0,0,29,7. Its second 
elevate is 29,7. Jo depress (nynhat gereftan ) a sexagesimal 
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is to perform the inverse operation of elevating, i.e., to 
move the sexagesimal point to the left. 

In a pure sexagesimal system, which we will use when 
convenient, both integer and fractional parts of real numbors 
are expressed in powers of sixty. For instance 1,0-60. 

The reader will find additional material on the Arabic 
sexagesimal system in [15]. 

£._Planetary Apogges-Clu. 7-0 

For the moon and the planets, deferent circles are to 
be drawn or engraved on the disk. The edge of the disk itself 
is to serve as the sun's deforent. Kashi, like most of the 
other Islamic astronomers, regarded the planetary apogees as 
fixed with respect to each other and to the fixed stars. It 
was therefore necessary to impose the motion of precession on 
all the apsidal longitudes. This was to be accomplished by 
rotating the disk within the ring and setting it so that the 
apsidal lines had the proper longitudes for the time for which 
planetary positions were being determined. 

The first step in the procedure was to assume a line of 
apsides for the sun and then to lay off the other apsidal lines 
with respect to it at the angular distances given in the table 
on f.7r. The entries of this table are rounded-off values 
from an equivalent table on f.128 of Kashi's own KhaqanI Zij 
[23]. Our Table 1 below has in its second column these numbors 
from the zij and in the first column the longitudes of the 
apogees according to this work as of the year 781 Yazdigerd, 
tho epoch of the zij. 

The numbors shown are completely securo, since positions 
of the apogees are also given in the zij for years 782, 783,..., 
790 Yazdigerd, and scribal errors can be restored by checking 
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Planet 

Apogee 

Apogee of Each Planet 

Tl 

8* 11 ;27,26° 

5* 10{28,17° 

4 

6 0;15,0 

2 29;1S ,51 

<? 

4 17;4,26 

1 I6j5,17 

9 

2 20,-14,28 

11 19;15,19 

$ 

7 3;39,28 

4 2;40,19 

G 

3 Oj59,9 



Table 1 


one value against another. 

Frc® various sources, mostly Islamic, the editor has 
assembled a collection of thirty sets of planetary apogees. 
While many do not vary widely free this one, no other set is 
identical with it. It is probably taken frem the Zij-i IlkhanI 
(No.6 in [29]) and may be based on observations made at the 
Maraghah observatory of Naslr al-Dln al-TusX. 

^.lay_in 3 _out the Planetary Deferentsj f t 7nlO - 8nl) 

After having located the apsidal lines, the next step is 
to mark the deferent centers. Each such center is on its 
respective apsidal line, at a distance fran the plate center 
equal to the planet's eccentricity. A table of eccentricities 
is the first of the two tables on f. 7v, the units being 
sixtieths of the plate radius. The centers, having been 
marked permanently on the plate, the deferents can then be 
drawn, corresponding radii, expressed in the same units, being 
given in the second table on the same page. 

It was customary to express planetary parameters in 
sixtieths of the deferent radius. Kashi, however, gives them 
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all in sixtieths of the plate radius. He has shortened all 
the doferent radii in order to prevent the circles from 
running off the plate and to have them snugly nested, no two 
intersecting. In order to "norm" these parameters, that is, 
express thorn in the customary fashion, wo have computed for 
each planet a "norming coefficient", 1,0/R, whore R is the 
deferent radius as givon in the text. The quotients mako up 
Column 2 of Table 2 below. Thoy are used to norm the eccen¬ 
tricities of the text. Side by side with the results 
(Column 4) are the eccentricities used in the Almagest. The 
reader will note that corresponding parameters are identical, 
or nearly so, except for Venus. The reading 1;3 is confirmed 
in the Kuzhah and in the Khaqani Zij [23]. In the former all 
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10;38 
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42,25 

43,10 


2 

51)23 

1)13,56 

4)52 

6,0 



22,27 

22,30 


Table 2 

the planetary parameters placed on the instrument are attributed 
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to the Ilkhanl observations. A non-Ptolemaic eccentricity for 
Venus is not surprising. Nearby values used by al-Biruni, 
al-Zarqalla, and Ibn al-Shatir are cited in [3l]. 




There is no need to norm Kashi's parameters as given for 
either the sun or the noon. The solar deferent being the rim 
of the disk, its radius is already sixty. As for the moon, 
Ptolemy in the Almagest broke the CO-unit radius of the 
Hipparchlan non-eccentric deferent into two parts, of lengths 
10; 19 and 49)41. These are the lunar parameters given on 
f. 7v. 

Since the lunar apsidal line moves with great rapidity, 
the disk must be specially set each time the moon's position 
is to be determined, and the center of its deferent can be 
marked at any convenient place on the disk, say along the 
radius passing through the small tongue on its periphery. 

The solar eccentricity prescribed, 2;6,9, differs 
considerably free the Ptolemaic 2;30 ([43], iii, 4). There 
is no doubt, however, as to the correctness of this reading. 

It appears also in the Nuzhah (NS, p.252), and twice in the 
Khaqan! Zij ([23], ff. 95v and 157r). Doubtless this also is 
from the IlkhinI observations; in his zij Kashi simply says 
that it is based on new observations. 

It is close to the values used by other Islamic astrono¬ 
mers. Biruni, in discussing the solar equation (cf. [30]) 
regards 2)5 as a rounded-off standard parameter. It is common 
to Habash al-Hasib, Abu al-Wafa', and the BanI Musa. Al-BattanI 
([3], vol.i, p.213) made it 2)4,45. Ibn al-Sh5tir uses, in 
effect, 2)7 (- 4)37-2)30, cf. [46], p.429). 




The highly eccentric behavior of Mercury forced Ptolemy 
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to devise a model differing from that of the other planets. 
Instead of being fixed, the deferent center itself (D on 
Figure 3) moves on the arc of a circle with center at F and 
radius equal to throe sixtieths of the deferent radius, DP. 

The equant center is at E, colinoar with FC, C being the 
center of the univorse, and CE ■ EF • FD. DP so moves that 
at all times Gj ■ G^. The rosultant curve traced out by P 
and indicated by the succession of small circles on the 
figure is slightly oval, and has AR as an axis of syumetry. 

It can be regarded as a non-circular deferent for Mercury. 

Kashi approximates this curve by two circular arcs whose 
centers are at B and B’ and whose radii are 51;23 sixtieths 
of the plate radius. As described in the text, B and B' are 
each 5;8 of these units on either side of the "turning center" 
(F). The latter, the center of the oval deferent, is to be 
A;52 units along the line of apsides from the plate center. 

In our Figure 3 the scale of the Ptolemaic locus has 
been so chosen that apogeo A and perigee R coincide with the 
corresponding points on Kashi's deferent. It will be observed 
that the latter is a good approximation to the Ptolemaic 
curve, tho two loci practically coinciding for wide distances 
on either side of H and H'. 

To obtain a norming coefficient for Mercury, we note 
that in Kashi's units 56j0, the sum of the eccentricity 
(4j52) and the 6emimajor axis of the deferent (51j8), corres¬ 
ponds to 1,9}0 in Ptolemy's configuration. Hence the ratio 
of these two numbers, 1,9/56 ■ Ijl3,56, is the desired 
coefficient. 

8j_An P.y.aL-P.o.f«)f9,nt for the Moon ^ 

In Appendix 1 of NS (p.289) Kashi remarks that an oval 
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lunar deferent can be drawn permanently on the plate, thus 
eliminating some of the manipulations, described in Chapter 
11,4 of the text, for tho determination of the moon's truo 
longitude. That this is the case can oaoily be verified by 
recalling that in an abstract sonse tho Ptolemaic modols for 
tho moon and Mercury differ only slightly (cf. [41], Appendix I). 
The similarity is obscured by the rapid motion of the lunar 
line of apsides, but with respect to the latter the epicycle 
center does indeed trace out an invariant oval path in space. 

It is curious that whereas a number of equatorium makers laid 
out oval deferents for Mercury, insofar as we know only Kashi 
suggested doing likewise for the moon, and then only as an 
afterthought. 

The strongly (and erroneously) oval character of the 
Ptolemaic lunar orbit is portrayed in Figure 4, which shows 
the path of the moon plotted to scale at four day intervals 
through the course of a month. The direction of the mean sun 
on corresponding days is also indicated. 

9. Marking the Equant Centers (f. 8v»l-7) 

For each of the three superior planets and for Venus a 
point is marked on the apsidal line, outward from the doferent 
center by a distance equal to the occentricity. For Mercury 
tho equant center (E on Figure 3) is put halfway between the 
turning center (F), and the plate center (C). This corresponds 
to the Ptolemaic arrangement. 

Tho moon has no equant, but its "opposite point" is marked 
on the plate, along the apsidal line, but on the opposite oido 
of the plate center from the doferent center. The distance 
from the plate center to the opposite point is 10jl9, the 
lunar eccentricity. 
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IQ. . Aiifiina.tlYfl. Plate.Layouts 

In the Nuzhah, Kashi does not content himself with the 
single arrangement of the plate and alidade given above. He 
describes in addition variants of tho basic scheme. For 
instanco, instead of lotting the plato center reprosent the 
center of the universe for all the planets it is possible to 
make the deferent centers all coincido with the conter of tho 
plate. Thon for oach plonet except Mercury tho points repre¬ 
senting the contor of tho universe and the equant conter are 
placed symmetrically on the line of apsides on either side 
of tho plate center. A plate thus laid out is said to be of 
the "parallel deferent" ( mutowazl al-manatlq ) type. 

Again, if no objection is made to the deferents inter¬ 
secting, and if it is wished to retain the plate center as 
center of the universe for all planets, full advantage may be 
taken of the size of the plate to choose scales such that all 
deferents will just touch the edge of the plate. This is 
equivalent to demanding that the sum of the eccentricity and 
the deferent radius equal 1,0. Tables of the resulting para¬ 
meters are given in the Nuzhah, the units being sixtieths of 
the plate radius. 

Thirdly, in the "single deferent" (muttahld al-manatlo ) 
type the edge of the plate itself is made to sorve as the 
deferent for all the planets whose deferents are circular, 

Just as was the case with the sun. For each planot this 
again pushes the center of the univorso out along its individual 
apsidal line, the eccentricitios nnd epicyclo radii being tho 
normed entries in Columns 4 and 7 of Table 2 above. 

Finally, tho plato may bo laid out with tho same apogee 
for all the planets, and tho position of the apsidal line 
takon into consideration by a soparato setting of the plate 
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within the ring for each planet. Or, since the apsidal motions 
are slow, the movable ring may be dispensed with altogether, 
the apsidal lines being laid out once and for all to a fixed 
position in the zodiac correct for the time when the instru¬ 
ment is made. 

Kashi enumerates acme fifteen canbinations of these various 
possibilities. 

Mfd.l.f.vfl.Slny Fupctlgn 

The two references to sines in the text make it necessary 
to state that the function referred to is not the modern func¬ 
tion, for which the radius of the defining circle is unity, 
but its ancestor, defined in tents of a circle of radius sixty. 
We distinguish between the two by writing the symbol for the 
medieval function with an initial capital, thus Sin 0, say. 

The identity relating the two functions is 

Sin 0 * 1,0 sin 0. 

When computations are carried out in sexagesimals, the 
transformation from one function to the other is trivial, since 
the medieval function is simply the first elevate (cf. Section 
3 above) of the modern function. 

In our text the plate radius is consistently taken as 

1 , 0 . 


Ifi? UtltWt 9n_.the Plate (f. Bv.io - io r «2) 

The description in f. 9r*10 - 10n2 it not found in NK at 
all. It makes up part of Appendix 3 (p.29l) of NS, hence 
represents one of Kashi's many afterthoughts, replacing in 
the Persian text his original technique for solving the problem 
of planetary latitudes. This shows that the anonymous author 
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of our text worked from a copy of NS. 

The two vorsions are practically identical in moaning. 

A permanent line, the equating dlametor (shown on Figuro 13) 
is to bo drawn on the plate and through its center. When 
latitudes are boing computed the plate is to be fixod in the 
ring so that one extremity of the equating diameter coincides 
with the origin on the ring, i.e. Arie6 0°. Soveral semi¬ 
circles aro drawn permanently on the plato, all concontric 
with the ring, and all having some segment of the equating 
diameter as bounding diameter. The radius of the largost is 
to be Sin 9° (cf. Section 11 above). A convenient way of 
obtaining this is to Join the pair of points on the ring which 
are both nine degrees away from the equating diameter and on 
the same side of it. The result is a line parallel to the 
equating diameter and distant frcm it by Sin 9°. The required 
semicircle can then easily be drawn, tangent to this line. 

Then fill the inside of this semicircle with a set of parallel 
lines as indicated in Figure 5 (reproduced from NS, p.292), 



Figure 5. The Latitude Circles and Lines, from NS 
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these to be drawn by connecting pairs of graduations on the 
ring which are at equal distances from the equating diameter. 
The endpoints of the segments are to be marked with numbers 
corresponding to the degrees distance of the point-pairs from 
tho oquating diamotor, 8®, 7®, 6®, and so on, and the lines at 
fractional distances also. These segments are known as tho 
latitude lines . They are also shown, more crudely, on f. llr. 
The basic fact to be borne in mind concerning them is that if 
a latitude line is marked 6 its distanco from the equating 
diameter is Sin 6. 

The second somicircle, the moon's latitude circle , is 
to be drawn tangent to the 5® line. On Figure 5 (i.o. in the 
NS) it has been mado erroneously tangent to the 4® line. 

The last two semicircles, for Venus' first latitude and 
the latitude of Mercury, are drawn tangent to the ten minute 
and forty-five minute lines respectively. 

From a practical point of view, and on a plate of any 
reasonable size, the Venus and Mercury semicircles would be 
so small as to make it impossible either to draw or to utilize 
them. Doubtless Kashi was carried away by the theoretical 
considerations described in Section 25 below. 

For material on f. 10r»2-ll see Section_3_3_below. 

13, . T h e Lg t i_tude.Po.1 nts_[f. 8v»12 - ?r«?) 

Eight permanent marks are to bo put on the equating 
diameter, two for each suporior planet, ono each for Venus 
and Mercury, all on the half of the diametor opposito the 
first point of Aries. Distances of these points from tho 
plate center are given in the table on f. 9r. Following is 
an explanation of how these particular distances were arrived 
at. 
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In the planetary theory of the Almagest the deferent 
planes of all the planets aro slightly inclined with respect 
to the ecliptic, intersecting the latter along the nodal line, 
which passes through the center of tho universe. The nodal 
lino of each inferior planet is perpendicular to tho lino of 
(deferent) apsides of that planet. For all tho othor planets, 
howevor, tho anglos between these two line6 differ. Kashi's 
values are given on f. 22v. They aro the same as those of 
the Almagest ([43], ed. of Halma, vol.ii, p.414) except for 
Mars, for which the Ptolemaic value is 90°. But here tho 
divergence is apparont only, for Ptolemy computes the angle 
as 9b£° , subsequently deciding that use of 90° will invoLve 
only a negligible error. In effect Kashi does the same thing. 

Assume a line drawn in the deferent plane through E in 
Figure 12, the center of tho universe, perpendicular to the 
nodal line MN. and intersecting the deferent in F (on the 
side of the apogee) and G (on the side of the perigee). Then, 
in the case of the superior planets, the two distances of the 
latitude points are EF and EG. 

These distances can be computed directly in terms of the 
deferent radius and eccentricity. In all probability, however, 
Kashi obtained them directly from the Almagest. For Saturn 
the corresponding distances in the Ptolemaic configuration 
are l,2jlO and 57;40. For Jupiter they are 1,2;30 and 57;30. 
Division of each of these numbers by tho proper norming coef¬ 
ficient obtainable from Column 2 of Table 2 gives tho corres¬ 
ponding entries in the tablo on f. 9r. 

As for Mars, its line of apsides is so close to FG that 
for two-place accuracy it is sufficient simply to add and 
subtract Kashi's value of Mars' eccentricity from its deferent 
radius to obtain tho desired quantities. Thus 
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EF » EA ■ ED + DA ■ 50;0 
and GE • PE F PD - ED ■ 40;54. 

For both inforior planets, maximum inclination of the 
epicyclo piano occurs at the nodes (M and N on Figure 12). 

Hence the distances of the latitude points for these planets 
ore ME and NE. But, AP being perpendicular to W*, ME ■ NE. 

And the eccentricity of Venus is so small that its deferent 
radius, 58j58, is used for the common distance. For Mercury, 
46j0 is the distance perpendicular to the line of apsides 
from the center of the universe to the deferent, hence the 
distance to its latitude point. 

14. The Alidade and Ruler (f. llvsl - I2r;6, 13r:4-8). 

Although most of Chapter 1,4 of the text is clear, there 
are a few obscure passages which are best clarified by first 
reading corresponding sections in the Nuzhah. The following 
is a free rendition of NS, pp.253-255, interspersed with such 
corrments as seem appropriate. Make two rulers, says Kashi, 
one like the alidade of an edged (muharrafah ) astrolabe, but 
having two graduated edges, one for the true longitudes, the 
other for latitudes. It is as though a pair of graduated 
alidades were combined, back to back. Each edge shall have 
a semicircular projection at its midpoint, as 6mall as practi¬ 
cable, and pierced by a round holo so that either edge can bo 
pivoted to rotate about the plate center. In longth the 
alidade should bo slightly greater than the plate diameter. 

The first of the two edges, called the dlamotor-odqo 
( harf al-QUtr ). is to bo graduated in equal divisions, sixtieths 
of the plate diameter and fractions of these to the extent 
possible. The divisions are to be numbered outward from the 
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center in both directions. 

The second edge, the arcs-odqe ( harf al-qussl ). has four 
sets of graduations marked upon it, each set boing the projec¬ 
tions on the aildade edge of the points of division of the 
ring. The four scales are obtained by effecting tho projection 
when the alidado is in each of four difforont positions. For 
all four positions the alldado is pivoted on tho plate at the 
holo on tho arcs-edge side. One extromity of the arc6-edge 
is designated tho head, or northern end, the other the toil 
or southern end. If the arc from the head of the arcs-edge to 
the first point of Aries on the ring is 0, then the point on 
the ring having a longitude of \ will project onto the edge at 
a distance cos (\ +0), provided that the plate radius is taken 
as unity. The four prescribed positions can be fixed by spe¬ 
cifying the value of 0 corresponding to each. They are 
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Figure 6. The Alidade and Ruler, from NS 
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1. 0 - 90°, for computing the latitudes of the 
moon and the second latitude of the inferior 
planets 

2. 0 ■ 0°, for the latitude of Mars and the firot 
and third latitudes of the inferior planets 

3. 0 ■ 80°, for the latitude of Saturn 

4. 0-10°, for tho latitude of Jupiter. 

The general appoarance of the alidade is well portrayed in 
Figuro 6, reproduced from NS, p.256. Except for the doublo 
pivot foature, it closely resembles tho alidades on many 
existent astrolabes, for example those shown in [9], pp.121, 
162, 267, and 308. 

The basic principles employed in the arcs-edge, that of 
a linear nomogram for trigonometric functions, appears also in 
the dastur quadrant (cf. [50], p.73). 

The second object described in Chapter 1,4, the ruler 
proper, is in NS specified as being narrower than the alidade, 
but of the same length. As indicated in Figure 6, it is to 
have a semicircular recess let into the centor of one edge, of 
the same diameter as the projecting lugs on the alidades, so 
that the two straight-edges can be fitted snugly together. 

The ruler edge is to be graduated in sixtieths of the plate 
radius. 

All three sources prescribe connecting tho ruler and 
alidade with a chain, and tho mounting of 6ights on the alidado 
to enablo the user to take altitudes with tho instrument. The 
only other equatorium into which this observational foature 
has been incorporated is the "Albion*' developed in 1326 by 
Richard of Wallingford. (Cf. [42], p.128). 

Descriptions of the other markings on the alidade and 
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ruler are deferred to the sections where the solutions of 
specific problems are discussod. 

Wo are now in a position to return to the Persian text, 
bearing in mind that its anonymous author has hore abridged 
the corresponding parts of the Nuzhah, sometimes so drastically 
os to be unintelligible. Ho evidently has abandoned the 
second set of graduations, the arcs-edge, honco he has no 
need of tho second semicircular lug on the othor side of the 
alidade. 

As will bo seen in the sequel, the main function of the 
ruler is to mark out directions parallel to a setting of the 
alidade edge made by using the graduations on tho ring. Accord¬ 
ing to f. 19vi9-ll, the two edges are to be made parallel by 
seeing that the arcs of the ring intercepted between them are 
equal. Kashi evidently noted the practical inconvenience of 
this operation, and in Appendix 4 of NS (p.297) he describes 
the construction of a set of parallel rulers. Our Figure 7 
is reproduced from page 298 of NS. 
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15. The Pif ference Marks - Epicycl e . Rjdli (f, 12r»7 - .12 v:3) 

A set of six marks Is to be engraved on one edge of the 
alidade at distances from the plate center specified in the 
table on f. 12r. Alternatively six circlos may bo drawn 
permanently on the plato, concentric with it, and having radii 
whose lengths aro tho tabular entries. In oither ovont, oach 
nurabor is the length of tho eplcyclo radius of tho planot with 
which it is associatod. 

For the moon, the radius of 5jl7 is close to tho Ptolemaic 
5; 15. It is rounded off from Kashi’s own 5;16,46,36 rosulting 
from the eclipse observations described in the opening sections 
of his zlj ([23] f. 4r - 6r). 

Since the deferent radii of the planets proper have been 
shortened below the standard 60 units, their epicycle radii 
also have been cut down in proportion. In order to compare 
them with the lengths used by other astronomers it has been 
necessary to multiply each one by the corresponding norming 
coefficient found in Column 2 of Table 2. The results appear 
in Column 7 of the same table. It will be noted that only 
Mars and Mercury exhibit any difference with the Almagest 
values. In his zlj ([23], f. 98v) Kashi states that the 
length 40;18 was determined as a consequence of the IlkhanI 
observations. For Mercury the Ptolemaic 23;30 reappears on 
f. llOr of his zlj. 

£91 ">9^rl?I 0H.L i.12v3 - 13r.3 soo Sggtlpns 36 and 40 below . 
1 6« --Th9 Tafrl.9_9f- Moan Positions and Moan Motions (f, 13r»9 - 

J4v, A 8 r ,? - 19v,?) 

The raw data to be fed Into tho instrument consist of the 
mean positions of tho planets and thoir anomalies at a given 
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instant. These numbers are to be computed from some such table 
as that supplied on f. 14v of the text. The column headings 
of this table are self-explanatory except for the last two. 

The term khisoh-yl murakkaboh . compound gngmgly, seems to be 
poculiar to Kashi. He means by it tho sum of the mean solar 
longitudo and tho mean anomaly of an inferior planet. 

Tho entries in the first ten rows of the table give values 
of the mean longitude or anomaly for the initial instants of 
years 851, 852, 853,..., 860 Yazdigerd respectively. According 
to the marginal note on f. 18r the first day of 851 Yazdigerd 
(■ 16 November, 1481) was chosen for epoch as having been the 
year of the enthronement of Bayazid II. The epoch of the era 
of Yazdigerd is 16 Juno, 632 A.D., the years being of just 
365 days, made up of the twelve thirty-day months named in 
the table, plus five epagcmenal days. (Cf. [10], p.298). 

The entries in the remaining rows display the motion of the 
respective longitudes or anomalies in the lengths of time 
indicated. These are 10, 20, 30,..., 100, 200, 3C0,..., 1C00 
Yazdigerd years, then months, days, and one hour. The num¬ 
bers shown for each month are cumulative in the sense that 
they represent the total motion from the beginning of a year 
up to the beginning of the particular month. Tho entries 
opposite the numbers 1, 2, 3,..., 10 are cumulative in the 
same manner, for example, thoso in the same row as 4 give 
the motion for three days. The entries in the row of the 
second 10, however, ore motions for ton days, and those in 
tho following row aro for twonty days. 

All entries are in zodiacal signs, degrees and minutes, 
and integer multiples of twolvo signs have boon dropped from 
the reckoning. Numbers in square brackets indicate restora¬ 
tions to the text. The technique of checking entries is 
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explained in Sections 17 and 18 below. The only systematic 
errors in tho table are those entailed by the computer having 
taken an erroneous 12;3,38° per year (instoad of tho corroct 
12;13,38°) for the annual mean motion of Saturn. This has 
affected only that part of our table which is not identical 
with the mean motion tablo of the Nuzhah. 

The process of determining mean positions for a given 
time is explained in Chapter 11,2 of the text, and requiros 
no amplification except perhaps for the correction to be 
applied when a determination is to be made for a place of 
longitude other than that of Constantinople. Under such 
circumstances the difference in degrees between the longitudes 
of the two places is multiplied by 24/360 = 0;4 to obtain the 
time difference. This is added to the local time if the 
locality is east of Constantinople, otherwise it is subtracted. 

The longitude of the latter place as given in the text, 

60°, is probably rounded off from the value of 59;50° given 
in the KhaqanI zij ([23], f. 74v). Al-Battinl ([3], vol.ii, 

P.44) has 56;40° for the same coordinate, following Ptolemy 
(cf. [14], p.196). A1-Khwarizmi, however, gives 49;50°, 
which appears in numerous places in Ms. Vat. Gr. 1058. Hence 
it looks as though Kashi's zij value is a miscopied version 
of this, which our text rounds off. This still leaves us 
with two distinct traditions for the longitudo of Constantinople. 

1I» "Squeezing" Mean Motion Parameter s from Tables 

Although tho entries of our table are given to three sexa¬ 
gesimal places only, it is possible to '•squeeze" from the 
tabular information a good approximation to the much more 
precise elements used to compute the table in the first place. 

The technique can best be explained by a worked example. We 
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deduce below the base parameter for Mercury's compound anomaly. 

A first approximation to the daily motion is seen from 
the table to be 4;6° per day. Multiplication by 60 ■ 1,0 
moves the sexagesimal point one placo to the right to yield 
4,6;0° for the distance travelled in two Persian months. Tho 
ontry opposite Khurdad, howovor, is 8 s 5;33°, so we correct 
our first approximation to 4;5,33° for tho daily motion. Tho 
product of this by 365 - 6,5 gives 24,53;45,45°. Casting off 
complote revolutions of 360° ■ 6,0°, there romains 53;45,45 » 
l 8 23;46°. The most frequent tabular difference between 
entries in the yoarly positions is I s 23;44<>, so we correct 
our yearly distance to 24,53;44<> and multiply by 10. The 
result is 4,8,57;20°, the terminal digit of which is corrected 
to 19 by comparison with the tabular entry of 5 s 27;19°, and 
the process continues. It ends with a value of 6,54,55,31;52° 
for the distance travelled in 1000 Persian (i.e. Egyptian) 
years. Now oporate backwards, successively dividing by 1COO, 
then by 365 to obtain 24,53;43,54,43,12° and 4;5,32,41,42,27® 
for the basic yoarly and daily rates of this parameter. 

Thus the process is seen to be one of gradually building 
up the higher digits of the parameter by repeated multipli¬ 
cation, each time correcting the lower digits by comparison 
with the table. Each parameter has been treated in this 
manner to obtain the set exhibited below. 

18. The Mean Motion Base Parameters 

As squoozod from the tablo and expressed in degroes per 
day the moan motions usod in tho text are 


o 

<c 

G (anomaly) 
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ft 

4 

(* 

? (anomaly) 

5 (anomaly) 
Apogoos ("precession) 


0,3,10,38,18,44 

0,2,0,36,4,44 

0,4,59,16,23 

0,31,26,39,35,54 

0,36,59,28,13 

3,6,24,21,58 

0,0,0,8,27 


The anomalistic motions shown for tho two Inferior planets do 
not rosult directly from the table. They are obtained by 
subtracting the solar motion from the compound anomaly. 

Comparison of these numbers with the set of parameters 
independently squeezed from the Khaqani Zij ([23], ff. 127v - 
130r) by M. Agha enables us to verify the author's statement 
that the positions and motions are indeed those of the zij. 
The tables of the zij, however, do not give mean longitudes 
as such, but the mean "centers", that is, distances of the 
mean planets from their respective apogees. The epoch of the 
zij, moreover, is 781 Yazdigerd, and its base location is 
Shiraz. The longitude of the latter place is taken as 88,0° 
(cf. [23], f. 73r). 

We note further that in general these are the parameters 
of the flkhanl Zij, upon which Kashi's tables are based. For 
the moon, however, Kashi has computed independent parameters 
based upon his observations of throe lunar eclipses, those of 
2 June and 26 Novembor, 1406, and 22 May of the following 
year. ([23], f. 4 r - 6r). 


1&. Me?n Motions In the Nuzhah 

Both versions of the Nuzhah refer to a tablo of moan 
motions. It is missing from the only extant copy of NK, but 
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appoar3 on p.259 of NS. The epoch of this table is different 
from that of our text} it gives mean positions for Yazdigerd 
years 801, 802, 803,..., 810, and the base longitude is 88°, 
that of Shiraz (cf. Section 18 abovo). Otherwise the two 
tables are tho samo. 

In Appendix 5 of NS Kashi states that he has worked out 
a device for eliminating evon tho fow additions and subtrac¬ 
tions involved in computing mean positions from a table. His 
invention is in essence a circular slido rule for performing 
algebraic addition of arcs. To construct it he prescribes 
drawing a family of circles on one face of the plate, concen¬ 
tric with it, and in sufficient number to accomodate the 
scales next described. These amount to a graphical mean 
motion table. For all planets the mean positions given in 
the table are marked on the circles, the origin of each circle 
being its intersection with the plate radius drawn to the 
first point of Aries on the divisions of the ring. In addi¬ 
tion to this, arcs are laid out on suitable circles, their 
lengths being equal to the mean travel of the various planets 
and their anomalies in hundreds, and tens of years, in months, 
days, and fractions thereof to the extent to which marking 
the plate is practicable. A motal ring is made so as to fit 
snugly on the plato just touching the inner edge of the 
graduated ring surrounding the plate. Two straight rulers, 
of length a little greater than the plate radius, are pivoted 
at the plate conter in such fashion that an edge of each 
passes through the plate center. If the date for which a 
planet's moan position is roquirod happens to be the boginning 
of one of the years marked on a circle, simply project this 
mark with tho edge of one of the rulers out to the graduations 
of tho outer ring. Otherwise uso tho two rulers and the moan 
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motion scales to lay out on the inner ring an arc equal to the 
mean travel of the planet in question in the time elapsed 
between the given date and one of the years permanently marked. 
Then rotate the inner ring so that the initial point of the 
marked arc lies along the projection of the fixed point just 
utilized. The desired mean position will now be at the 
projection on the outer ring of the arc's terminal point. 

Kashi remarks that if each of the circular scales is made 
so that it can be individually rotated, there will be no need 
for the inner ring. 

fSJ-5ale.rj.gl. on. r.jJv-Seg-Se.ctjon 43. 

2Q._ Determination. of_the. Solar,True Longitude .(f. 19v:4 20r«4) 

The Ptolemaic model of the sun's motion being extremely 
simple, the determination of its true position with the instru¬ 
ment is equally simple. The plate circumference itself represents 
the solar deferent, the apogee (represented in Figure 1 and 8 
by the plate tongue) having already been fixed at its proper 
longitude. The fictitious center (F in either of figures 1 or 
8) stands for the center of the universe. Thus CF, the distance 
from the plate center to the fictitious center, is the solar 
eccentricity. Having computed the sun's mean longitude, lay 
it off as the arc AM by using the divisions of the ring. M 
is Kashi's mark of the mean . Then the angle at which M is 
observed from F, measured from the equinoctial direction, is 
the true longitude. To evaluate this angle, lay the edge of 
the ruler along FM and rotate the alidade until it is parallel 
to the ruler. Then the arc AT is the required true longitude. 

The angular difference between the true and the mean longitudes, 
arc MT, is the solar equation. The length of MF, measured 
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Figuro 8. Tho Instrument, Set Up for Finding 
tho Sun's True Longitude 

with the scale marked off on tho ruler, is the oarth-sun 
distance. In this caso there is no need for a nonning opera¬ 
tion since the units are the standard ones in ancient astronomy, 
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sixtieths of the deferent radius. 



In using the instrument to find the true ecliptic position 
of the noon at a given tine, first compute from the mean motion 
tablet (1) the lunar mean longitude, (2) the lunar mean anomaly, 
and (3) the solar mean longitude. Then mark P (see Figure 1), 
the position of the mean moon, on the edge of the ring. Find 
e, the moon's mean elongation, being the difference between 
(1) and (3) above. Starting fraa P measure clockwise along 
the edge of the ring an arc PS equal to 2e, the double elonga¬ 
tion. Rotate the plate until its tongue comes opposite S and 
fix it here with the peg. By means of the alidade mark E the 
intersection of CP with the moon's deferent. E is Kashi's mark 
of the center . Put the ruler along E and N, the point opposite , 
and rotate the alidade until it is parallel to the ruler. Mark 
B, the intersection of the alidade edge with the edge of the 
ring, the directed segments C8 and NE thus being parallel and 
in the same sense. As the author says, it is from this point 
that the mean anomalistic motion is to be measured. Now rotate 
the alidade clockwise the amount of the anomaly, (2) above, 
through the arc BK. This puts the alidade in the position 
shown in our figure. 

In order to complete the Ptolemaic lunar configuration 
all that remains is to lay off the epicycle radius in proper 
length and direction (parallel to the alidade edge) from E. 

Its endpoint L will then correspond to the position of the 
moon in space. However, this construction presents some 
difficulty from the practical point of view, for, as is the 
case with our figure, L may run off the plate entirely. More¬ 
over, we are not primarily interested in locating L, but rather 
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in determining the direction of the vector CL. We recall 
that a lunar difference mark (Cf. f. 12ri9) has been put on 
the alidodo edge at a distance from the center equal to the 
epicycle radius. The author specifically cautions us that 
the position of the alidado should now be such that the 
difference mark falls opposito the end of anomalistic motion, 
i.e. D boing the difference mark, vector CD must havo a sense 
opposite to vector EL. Mark the position of D on the plato 
and lay the ruler along DE. Since the latter equals the 
required vector sum of CE and EL, if the alidade is now 
rotated parallel to the ruler, its intersection, G, with 
the edge of the ring will give the required true longitude 
of the moon. The final passage in the chapter (f. 20vil2-13) 
applies only if the plate has not been set iri the ring to show 
the proper lunar apsidal longitude at the start of the opera¬ 
tion. 

22, D.9t«Fninati9P 9f - a . P-^net^ry Tru? Longitude 

2lY.il). 

The solution of this problem with the equatorium resembles 
that of the analogous lunar problem. First compute from the 
table of mean motions the mean longitudo of the sun for the 
instant required, and either the planet's mean longitude (for 
a superior planet) or the compound anomaly (for an inferior 
planet). Presumably tho plate ha6 already been fixed insido 
the ring so that the solar and planetary apogeo6 havo their 
proper longitudes. Letter roforoncos in tho sequel are to 
Figure 9, which shows tho final positions of alidade and ruler 
in the solution of such a problom for tho planet Mars. The 
drawing is to scale. 

Rotate the alidade until its edge is at the planet's mean 
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Figure 9. The Instrument, Set Up for Finding 
Mars' True Longitude 

longitude, L, on the divisions of the ring. Place the ruler 
so that its edge is alongside the planet's equant-center, G, 
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and simultaneously parallel to the alidade edge. Where the 
ruler intersects the deferent, E, make the center-mark . This 
locates tho planet's opicycle center at the given time. 

For a superior planet turn the hoad of the alidade, that 
end of it opposite the side on which the difference marks 
(cf. f. 12r«9) have been made, until it reaches the moan solar 
longitude, H, and mark on the plate tho point whero tho diffe¬ 
rence mark, D', then lies. Now put the ruler so that its edge 
lies along D and E, and rotate the alidade until it i& parallel 
to the ruler. Then the intersection M of the head of the ali¬ 
dade with the divisions of the ring gives tho required true 
longitude. For the vector D'C has been constructed in magnitude 
and direction equal to the vector EM from the epicycle center 
to the planet, and side CM of parallelogram CD'EM gives the 
direction of the vector sum of CE and D'C. And since EM is 
parallel to CH, EM has the required direction of the mean sun. 

For the inferior planets, Venus and Mercury, the construc¬ 
tion is of the same sort, bearing in mind that their mean 
longitude is the mean longitude of the sun. The same figure 
may be used to illustrate the configuration, although of course 
it will no longer be to scale. Now L is the sun's mean longitude 
and arc PA'H is tho compound anomaly. 

23, ..Tb? P.lflP9.tgry Equations SL. .2Jv.» 8 - 22nip 

The term equation ( ta*dll ) was in general used in ancient 
and medioval astronomy to denote a correction, in general small, 
applied to a function representing somo phenomenon. The usago 
has survived in modorn astronomy in ouch expressions as "tho 
equation of timo". 

A planet's equation in longitude was defined as the diffe¬ 
rence between its true and mean longitudos. Tho equation was 
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in turn made up of two components. the first equation, or 
equation of the center , is that caused by the eccentric equant; 
the second equation is the effect of the planet's motion on 
the epicycle. (Cf. [4], p.96.) Clearly the algebraic sum of 
the first and second equations equals the equation of the 
planet. 

All zlles (astronomical handbooks) contained tables of 
both equations, essential for the computation of true longi¬ 
tudes. In addition, since the second equation is dependont 
on the first, a fairly involved interpolation scheme was neces¬ 
sary, to estimate the effect of the first equation on the second. 
It is the great advantage of an analog computer such as the 
equatoriura that true longitudes are determined without the 
interposition of the equation or its components at all. 

Nevertheless, should the user want to find the equations 
with the instrument he can do so by following the instructions 
in Chapter 11,6. The author may have had in mind an individual 
who is computing a position accurately with a zlj, but who 
wants a quick, crude check of his partial results. 

For whatever reason, having made the prescribed marks, 
at L, the mean position in Figure 9, and F, the projection of 
the epicycle center on the ring, it is clear that the arcs LF 
and FM are the first and second equations respectively. 

When a mean position was measured from the apsidal line 
of the particular planet it was called the center , here arc 
A'HL. Addition of the first equation to the center gave the 
adjusted center, here arc A'HF. 

The closing statement of the chapter, that if the adjusted 
mean longitude is subtracted frm the sun's mean (for the 
superior planets), or from the ccopound ancmaly (for the 
inferior planets), the adjusted anceialy remains, is equivalent 
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to the valid expression 

PA'H - PA'F + FA'H. 

2£j—Jhg .LVii9f i 1.22.P2) 

In the ancient and medieval lunar theory the terms first 
equation and second equation did not denote angles analogous 
to those associated with the same terms in the planetary theory. 

The lunar anomaly was not laid off from the epicycllc 
apogee of the model. Ptolemy found it necessary instead to 
count the anomaly from an opicyclic apogee as determined with 
respect to the "point opposite" (N on Figure 1), not with 
respect to the center of the universe, C. (Cf. [41], p.195). 

The first lunar equation was defined as the angular displace¬ 
ment in the epicyclic apogee caused by this situation. (See 
[23], f. 78v). On Figure 1 it is angle CEN. And since CH has 
been constructed parallel to EN, angle BCP also equals the 
first equation. But this angle, being a central angle on 
the plate, is measured by arc PB. P is evidently the "second 
mark" of our passage in the text, and B is the "mark of the 
beginning of the anomalistic motion", i.e. the statement in 
the manuscript is valid. 

The second lunar equation was defined as the effect of 
the anomaly on the moan longitude, provided that the epicycle 
center were at maximum distance from tho contor of the uni¬ 
verse. Since, in general, the actual distanco was less than 
tho maximum, in using the lunar tables it was necessary to 
add to the second equation a suitable correction. On the 
configuration on tho instrument, howovor, this second equation 
doos not appear as such, and the author of the manuscript 
makes no mention of it. 
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The moon's orbit can be thought of as lying in a plane 
which makes a fixed angle of about five degrees with the plane 
of the ecliptic. The line of nodes, the intersection between 
the two planes, is not fixed, but rotates slowly in a negative 
direction with respect to the vernal point. Let p be tho 
moon's latitude, A its longitude, and A n the longitude of the 
ascending node, the ecliptic point through which the moon 
passes in going from southern to northern latitudes. Then 
we have 

(1) sin p • sin 5® sin (A-A r ) • sin 5° sin u, 

an exact spherical-trigoncoetric relation involving u, the 
argument of the latitude , the moon's ecliptic distance from 
the ascending node. 

In computing lunar latitudes Ptolesy did not use (l), but 
the equivalent of the expression 

(2) P - 5® sin u, 

a reasonably good approximation. (Cf. [43], ed. of Halma, 
vol.i, p.316). 

We have already described how to find A and A^. Once put 
on the ring of the instrument, their differences can be noted 
directly. All versions of the text (f. 22ril3, NS p.277) say 
idd, rather than subtract, A and A n< This usage is explained 
by recalling that the motion of the node is contrary to the 
order of the zodiacal signs. Hence the nodal positions aro 
to be plotted, as we would say, negatively, and algebraic 
subtraction in this case becomes addition. 

Having determined u, to complete the operation rotate the 
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alidade until its pointer crosses the graduations of the ring 
at the point corresponding to u. Then note at which of the 
latitude lines the edge of the alidade crosses the moon's 
latitude circlo described in Section 12 above. Tho result is 
the lunar latitude. 

Tho operation is plcturod in Figuro 10, whore we note that 



Figure 10. Use of the Latitude Lines 


by similar trianglos and use of the properties of the latitude 
lines (cf. Section 12), 

Slo x _ Sin 5° 

Sin u 1,0 * 

or 

(3) sin x ■ sin 5° sin u. 

Now comparison of expressions (l) and (3) shows that x ■ p, 
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that is, Kashi's process utilizes the exact expression for 
determining the lunar latitude. In theory it is better than 
the result of using expression (2). 

In the original version of the Nuzhph (NS, p.277) the 
method of determining the lunar latitude is as follows. 

Elevate the alidade so that it makes an angle of fivo 
degrees with the equating diameter. Mark on the edge of 
the alidade the point corresponding to u on the lunar latitude 
scale. Project this point parallel to the equating diameter 
on to the divisions of the ring. The number on this scale 
corresponding to the projection is the lunar latitude. It 
is easy to show that this process also yields the result of 
applying (3). 

The Chaucer equatorium manuscript [42] gives a method 
of determining the lunar latitude as resulting from (2). 

There is no provision for the computation of planetary lati¬ 
tudes. 

26,. Planetary Latitudes in the Almagest 

Chapter 11,7 is by far the largest section of our text, 
taking up about a quarter of the entire second treatise. That 
this is the case is not surprising, for the topic of which it 
treats, planetary latitudes, is the complicated result of a 
complicated phenomenon. In determining planetary longitudes 
it is convenient to regard all motion as taking place in the 
plane of the ecliptic, which has the effect of making the 
problem a two-dimensional one. This cannot be done with the 
motion in latitude. The accompanying theory assumes that 
the planes of both deferent and epicycle make small but non¬ 
zero angles with the ecliptic and with each other, some of 
the angles being variable. 
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Ptolemy regarded the latitude of a planet at any instant 
as boing the algebraic sum of two or threo component parts, 
known as the first latitude (p x ), ??cond latitude (p 2 ) and, 

In tho case of the inferior planets, the third latltudo (P 3 ). 
In order to define those components it will be necessary for 
us first to introduce a numbor of other tones. 

It was customary to designate as first dlemotor of tho 
epicycle, tho lino of true epicyclic apsides, that is, the 
diameter Joining tho truo opicyclic apogee and perigoo. In 
Figure 11, BC, B'C', and B"C" are three positions of the first 
diameter. Tho second diameter of the epicycle is the diamoter 
perpendicular to the first ([4], pp.61, 64). Examples from 
tho same figure are DF, D*F' and D"F". 



Figure 11. Tho Tilted Doforent and Epicycle 
The first latitude is the angle made by the ocliptlc plane 
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with the line joining the center of the universe and the epi¬ 
cycle center. In other words, pj is the portion of the total 
latitude due to the deviation (hereafter denoted by i) the 
angle at the line of nodes between the deferent and ecliptic 
planes. 

The second latitude is the component due to the inclina¬ 
tion (denoted by J), the tipping of the epicycle about its 
second diameter, the latter being maintained parallel to tho 
ecliptic plane in the case of the superior planets. 

With the two inferior planets, however, a third latitude 
is involved, caused by the obliquity , a tilting of the epicycle 
about its first diameter. 

A useful concept is that of the center of latitude , denoted 
by u and defined as being the distance on the ecliptic from 
the ascending node of a planet to the true longitude of its 
epicycle center. In Figure 12 the expression 

i - zNEC = *XEA + 4AEC 

holds identically for all positions of C and A. Angle AEC is 
called the adjusted center and is denoted by In the case 
of the inferior planets, u * + 90°, the line of apsides and 

the line of nodes being for them perpendicular. For the other 
planets the angles between these two lines are given in the 
table on f. 22v. 

Chapter 11,2 can be regarded as cocaprising four sections. 
The first, f. 22r«13 - 22vi7, disposes of the lunar latitude. 
This we have already ccoeented on, in Section 25. The second 
section, f. 22vi7 - 25nll, the longest and most involved of 
the four, describes simultaneously the determination of the 
latitudes of the superior planets and p 2 for the inferior 
planets. We separate the coeoentaxy on this section into two 
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deferent 

perigee 



parts, Sections 28 and 30 below. The third section, f. 25rill - 
26ri7, explains how to determine 0 3 for an inferior planet and 
is discussed by us in Section 29. Finally f. 26ri7 - 26vi6 
has to do with for an inferior planet. As being the simplest 
operation of the planetary latitude group, wo describe it in 
the section immediately following this. 


27. Tho First Latitude of tho Inferior Planets (f. 26ri7 - 26v»6) 
The goometric model used in the Almagest for the inferior 
planets has the deferent plane seesawing through a small angle 
north and south of the ecliptic plane about an axis in tho 
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ecliptic plane perpendicular to the (deferent) line of apsides 
and passing through the center of the universe. The deviation 
of the deferent plane is given by the expression (cf. [8], p. 199 ) 

(4) i • i sin u i . / °» 10 ° for Venus, 

1 ' a U ’ a \ -0»45 for Mercury. 

Then, if in Figure 11, H' is the location of the epicycle 
center at a given time, in the spherical triangle NH'K, arc H'K 
is the desired first latitude, angle H'KN is a right angle, 
and since i (angle H'NK) is small the approximate equality 

(5) » i sin u a (i a sin u) sin u - i^sin 2 u 

subsists. This is the Ptolemaic theory. 

The construction described in our text yields a result 
which is very slightly different. The alidade is elevated from 
the equating diameter by an angle equal to u. We then note 
at which of the latitude lines the edge of the alidade inter¬ 
sects the proper latitude circle (cf. Section 12). Suppose 
the designation of this latitude line is x. This number will 
then satisfy the expression 

^ sin x ■ sin i B sin o, 

the transformation being of the same sort as that described 
for the lunar latitude in Section 25 above. 

Now put the alidade perpendicular to the equating diameter 
and mark on its edge the point where the x latitude line crosses 
it. The distance from the mark to the plate center will then 
be Sin x. Return the alidade to its original position so that 
it makes an angle u with the equating diameter, and note the 
latitude line on which the mark falls. If this is the y lati¬ 
tude line y is the desired first latitude. 
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The second part of the operation is an iteration of tho 

first with 1 replaced by x and x replaced by y. Hence we 
m 

have 

(7) sin y ■ sin x . sin u ■ (sin i m . sin u) sin u 

o - 

■ sin i . sin u. 

m 

Comparison of expression (5) with (7) and the small size 
of i ffl verifies tho approximate equality of the results obtained 
with the two expressions. 

In practice the construction is completely out of the 
question because of the minute semicircle required to be drawn 
on the plate. Even from a strictly theoretical point of view, 
what was justified in tho case of the lunar'latitude cannot be 
defended here. In both cases a right spherical triangle was 
involved, the solution of which involved an expression analogous 
to (6). But (4) is a device for giving a simple harmonic 
motion, and is not an approximate equality obtained from an 
accurate expression such as (6). 

28. The Second Lgtltude of the Inferior Planets (f_,__22vi7_ 1 

25ri 11.) 

In Figure 11 three positions of a planetary epicycle are 
shown, its center lying at N, H, and H'. In the first position 
the inclination j, the angle the first diameter makes with the 
radius voctor from the center of tho universe to the epicycle 
centor, is zero. In tho second case it has takon the maximum 
value, J m , and the third case illustrates a general position 
intermediate between the two. In all throe situations the 
second diamoter (D"F", DF, and D'F') is shown parallel to the 
ecliptic plane, henco P 3 and the obliquity are zero. Values 
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of for each planet are to be found in the table on f. 23r. 
They are identical with those of the Almagest ([43], ed. of 
Halma vol.il, p.255). In the transcription we have put a minus 
sign in parentheses before the entry for Venus so that the ulti 
mate result will have the proper sign, north being taken as 
positive. A precise and general statement of the value of J, 
angle B'H'E, for all positions on the deferent, is 

(8) J(A a ) ■ J B sin A a ■ J B sin (u - 90°) ■ - J B cos u 
for the inferior planets, and 

(9) j(u) ■ J B sin u 

for the superior planets. Note that for an inferior planet 
maximum inclination occurs when the epicycle center is on the 
nodal line, in contrast to the situation pictured in Figure 11. 
This figure, however, shews all the elements affecting the 
latitude (p ■ pj ♦ P 2 ) of a superior planet. For the inter¬ 
mediate position shewn, u is the arc NK, the inclination, angle 
B’H'E, is 


(*BHE) sin lHEX, 

and p is the angle P’E makes with the ecliptic plane. Also, 
if the relative position of the ecliptic plane there shown is 
ignored, the same figure may be used to illustrate the deter¬ 
mination of the second latitude of an inferior planet. 

Ptolemy regarded as prohibitively explicated a direct, 
general computation and tabulation of P 2 as a function of two 
variables, and a. He therefore adopted the simplification 
sketched below, the ensuing sacrifice of accuracy not being 
large. He computed p 2 for general values of a, but for - 90° 
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i.e. for the position of the epicycle center at H which gives 
maximum inclination of the first diameter, hence maximum 0 2 - 
Here this max 0 2 (a) i8 th ® an 9 lc PH makos with the deferent 
plane. He then defines the second latitude in general as 

(10) P 2 (X a * 0 ) " max p 2 (a) . sin X # , 

expressed in modern notation. 

Kashi finds max P 2 for a goneral a by moans of a clever 
construction in the manner of descriptive geometry in which 
the single plane of the instrument's plate is regarded as 
containing the planes of the deferent, the plane denoted by 
v in Figure 11, and the plane of the epicycle. The equating 
diameter (UC in Figure 13) represents the intersection between 
v and the deferent plane, with H (the center of the instrument) 
representing the center of the epicycle. E is the latitude 
point (cf. Section 13) of the particular planet being dealt 
with, so placed that EH equals the distance (along the per¬ 
pendicular to the line of nodes) from the center of the uni¬ 
verse to the deferent of the planet. The plane v is folded 
down into the plane of the plate, about EH, in such fashion 
that its trace with the epicycle plane takes the position H3. 
And the plane of the epicycle i6 rotated into the deferent 
plane through an angle of J m about its second diamoter DF so 
that its first diameter takes the position DC. 

If, now, the true length of PE (in Figure 11) can be 
constructed, as well as tho perpendicular from P to the plane 
of the doforont, then the problem will bo as well os solved. 

For if a right triangle is constructed with PE as hypotenuse 
and altitude equal to the perpendicular Just referred to, 
the acute angle at its base will be the desired max 0 2 . 
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To this end the alidade is put so that its pointer crosses 
the ring at the graduation corresponding to the amount of the 
anomaly (a). The "first mark" (1 in Figure 13) is then made 
on the plate at the position of the permanent difference mark 
on the alidade edge. This makes HI equal in length to the 
epicycle radius of tho planet. Now make the "second mark" (2 
on Figure 13), being tho projection of 1 on tho equating diameter. 



By uso of the alidade make the "third mark", 3, on tho plate 
60 that angle 3H2 ■ j m and H2 - H3. Through point 3 draw a 
lino M3 parallel to the equating diameter. The distance between 
this pair of parallel lines 16 the altitude of the desired right 
triangle. 
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To find the hypotenuse of the triangle mark point S the 
"substitute for the latitude point" on tho equating diameter 
so that S2 - E3. It 16 as though, whon the opicyclo is rotated 
into the deferent plane, the right trianglo EP3 also is flat¬ 
tened down into the deferent piano without change of size, the 
vertex E boing made to slide outward along EH, 3 taking tho 
position 2, and P tho position 1. Then point Si is the true 
length of EP in Figure 13. 

Now, with conter S and radius SI draw an arc cutting M3 
in R. Then the angle RSH is the desired max P 2 (a), and can 
bo moasured in tho usual manner by placing the alidade parallel 
to SR and noting the point on the divisions of tho ring where 
the pointer of the alidade falls. 

The final steps in the determination consist of performing 
an operation analogous to the lunar latitude determination, 
the only differences being that the lunar latitude semicircle 
of radius Sin 5° is replaced by a mark on the alidade edge 
v/hose distance from the plate center is Sin max P 2 (a). Thus 
the resulting p^ from the instrument is given by the expression 

(11) sin P 2 (* a ,a) B sin max p 2 (a) • sin 

which leads to a result differing slightly from that of ( 10 ). 

The criticism made of the Pj determination in Soction 27 above 
applies also to this section of the text. 

Tho passago concludes (f. 2Sri3-25ri11) with the usual 
complicated rules for determining the sign of the result. Nega¬ 
tive numbors woro not known to tho mediovol scientists. In 
casos where a result involvod one of two directions, tho result 
it6elf having issued from a combination of two or more elements, 
each with a direction of its own, there was nothing for it but 
to enumerate all possibilities in a set of rules. 
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The term parecliptic . occurring in this passage, requires 
explanation. Following Nallino ([3], vol.ii, p.352) we trans¬ 
late by it the word mumaththal , which is a contraction of 
al-falak al-mumaththal 11-falak al-buruj . It is a sort of 
reference circle, one for oach planet, lying in the plane of 
the ecliptic and having its center at the centor of the universo. 
Apparently the Islamic astronomers made use of the concept 
because they thought of the universe in terms of a sot of 
more or loss concentric and overlapping shells, oach shell 
containing the deferent and epicycle of a planet. On the 
parecliptic of each planet were projected the positions of 
that planet. If in any context the word ecliptic is substitu¬ 
ted for parecliptic the essential moaning will be unchanged. 

29. The Third Latitude of the Inferior Planets (f. 25r;ll - 

26r:7) 

In approximating the final component of the latitude 
Ptolemy neglects the simultaneous but small effects on it of 
the first two components. Thus in Figure 14, which shows the 
upper half (BPC) of the epicycle tilted about its first dia¬ 
meter (BC), the plane of EON' may be considered either as the 
plane of the deferent or as that of the ecliptic. E is the 
center of the universe, P a general position of the planet 
corresponding to an anomaly of a. EM is tangent to the epicycle, 
and the right spherical triangle OM'N' reprosent6 a portion of 
the celestial sphere, N' being the projection of M' on the 
ocliptic arc ON'. OM, which is approximately equal to q, its 
projection on the ecliptic, is the "second equation" of the 
planet. Cloarly q Is a function of a. 

The obliquity defined in Section 26 above is measured by 
the spherical angle M'ON'. This angle varies sinusoidally os 
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Figure 14. The Epicycle Tilted for the 
Third Latitude Component 

H travels around the deferent, being zero when H is at the 
nodes and a maximum or minimum when it is in the line of apsides. 

Ptolemy treats the spherical triangles MON and M'ON' as 
though they were plane triangles, using what is tantamount to 
the crudely approximate relation 

MN = 

q ON' * 
or 

(12) 0 3 - MN »q(^) ■ qk 

for any fixed obliquity. The number k dopends on the size of 
the epicycle, the deferent, the eccontricity and the maximum 
obliquity. Making the additional assumption that, for fixed 
q, p 3 varies directly as tho obliquity, angle M'ON', his Almagest 
tables ([43], ed. of Halma, vol.ii, p.414* [3], vol.ii, p.230) 
are computed as though 


211 


THE PLANETARY EQUATORIUM 


(13) p 3 (a,u)-kq sin u, 


k" 


l/l8*24 

- 0 * 6,8 

-0*7,30 


for Venus 

when 0 ° < u < 180 ° ■» for 
when 180° < u < 360° •* Mercury 


were the general definition of the third latitude for Venus and 
Mercury. The opposite signs for k imply opposite tilting of the 
epicycle planes in the two coses. The two different values of 
k for Mercury are to compensate roughly for the eccentric deferent 
of this planet. As the epicycle leaves the ascending node it 
travels toward the apogee, hence, in general it i6 then farther 
from tho center of the universe than after leaving the descending 
node. Thus the same obliquity produces less effect at the greater 
distance, so the value of k is smaller in absolute value on the 
apogee side of the line of nodes. The eccentricity of Venus is 
so small that the corresponding effect for it is neglected. 

Except for differences in parameters, Kashi's method is a 
graphical duplication of the whole scheme. The text prescribes 
taking a third of a sixth of Venus' second equation, i.e. l/l8. 

For Mercury one is to multiply the second equation by either 
0*7° or 0*8° depending respectively on whether the epicycle 
center is or is not on the same part of the deferent as is the 
apogee. 

It is to be noticed that in two cases Kashi's values for 
k differ from the Ptolemaic ones by as much as a digit in the 
first sexagesimal place. 

It then remains only to imposo on the extreme obliquity 
thus found the now familiar sinusoidal transformation which 
employs the latitude lines on the plate. The final result is 
thus Implicit in the expression 


(14) sin P 3 (a,u) ■ sin kq • sin u, 

which is very nearly eauivalent to (13). 
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30,.- Latitude of the Superior Planets (f. 22vi7 - 25rtll) 

The Almagest arrangements for the superior planets are 

simpler on two counts than those for the inferior planets. For 

one thing, there is no obliquity, hence p 3 ■ 0. And secondly, 

both and p 2 vary (roughly) sinusoidally with u, not one with 

u and the other with as above. In Figure 11, for instance, 

when the epicycle centor is at N both Pj and p ? are zero; at H 

both aro maximal. In the gonoral position H', pj equals the 

great circle arc KH', which is approximately equal to i sin u. 

m 

Ptolemy therefore computes as previously max P 2 (a) by finding 
the angle EP makes with the deferent piano. Now he takes 

max P(a) = max pj + max p 2 (a) = i^ + max P 2 (a) 

for general values of a. Finally he defines 

(15) P(a,u) ■ max p(a) • sin u. 

But, in contrast to the inferior planets, the deferents of 
the superior planets are not symmetrically placed on the line 
of nodes; in general, if the epicycle centor is on the northern 
part of the deferent (i.e. 0° < u < 180 °), it will be farther 
from the center of the universe than when it occupies a corres¬ 
ponding place on the southern portion (180° < u < 360°). Hence 
both Ptolemy and Kashi use two different values for EH (Figures 
11 and 13) for each superior planet, depending on whether it is 
in the first or last two quadrants. Theso pairs of distances 
aro the distances of the latitude points given in tho tablo on 
f. 9r and discussed by us in Section 13. Except for this, 
Kashi's construction for max P 2 (a) is as explained in Section 

28 above. To this add the corresponding constant i . Then 

ro 

perform the customary transformation on it involving sin u to 
obtain the P implicit in the oxprossion 
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(16) sin p(a,y) - sin max p(°) * sln u * 

which differs very slightly from (15) for the small p involved. 

One passage, f. 23v«3 - 23vill, is puzzling. It looks as 
though the author wants tho line of inclination to make an 
angle of i with the equating diameter. This seems pointless. 

It is truo that i ffi is involved, but it should bo addod to the 
max p 2 (a), angle RSH, not to the line of inclination. Also, 
he seems to want the line of inclination cut off in length 
equal to the epicycle radius. This would do no harm, but it 
appears unnecessary. 

31. Plm^ry Pl$tanc?.s._(f, 26v»j? - 27yiJ2l 

For any given time, the distance from the earth to the 
moon is the length of DE in Figure 1, where this figure repre¬ 
sents the lunar configuration at the given instant. In like 
manner, for any planet the earth-planet distance is the length 
of lino D'E in Figure 9. These distances having been measured 
in sixtieths of the plate radius, to convert them into distan¬ 
ces measured in the standard scale, sixtieths of the respective 
deferent-radius, it is necessary to multiply each by a proper 
norming coefficient. These are given by the author in the 
table on f. 27v and by us in Table 2, Column 2. Determination 
of the solar distance has already been discussed, in Section 
20 above. 

.3^ Stolon? 

When o planet's forward motion in tho zodiac ceases, it is 
said to bo muoim . stationary. It then becomes retrograde ( rail* ). 
having passed through the .fjjst, or m.ro,qra09 .SUU9H (moqam-i 
rol*at ). After a time it again becomes stationary, passing 
through the second or djj_gct. st^on (ma.gi.m-J. Istjqfrngt) \ thence 
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it resumes forward motion and is said to bo direct ( mustaqlm ). 

Our author devotes a chapter to the use of the Plate of 
Heavens in computing the time of roaching a station. He follows 
implicitly the directions given in the Nuzha, which is ba6od 
on the theory of Ptolemy, who in turn bases his development on 
a proposition he attributes to Apollonius of Porga (c. 200 B.C.). 
In substance, this elegant theorem ([43], ed. of Halma, vol.ii, 
p.312) states that if the deferent center and tho center of the 
universe coincide, then the planet (P in Figure 15) will be 
stationary when 

23 „ Ifi 
n v p • 

v e being the angular velocity of the epicycle center E about 0, 
v p the angular velocity of P about E, and OT being perpendicular 



to ET. Tho station (maaam ) is a, the value of the epicyclic 
anomaly when tho abovo oxproosion obtains. Of course this is 
a simplification of the actual Ptolemaic model, for in the 
latter the center of the universe is displaced from tho deferent 
center by a distance d. So in general OE is not a constant, 
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but a function of X, here the longitude of the epicycle center 
measured from the deferent apogee. We call this variable radius 
p(X), and note that p(0°) ■ R + d and p(l80°) - R - d. More¬ 
over, Apollonius' theorom applios only approximately to this 
modol, and the location of the station on the epicycle is also 
a function of X, o(X) say. Ptolemy computes directly only 
three values of this function for each planeti o(0°), o(l 80 °), 
and o(v d ) ■ o, now the location of the station whon tho epicycle 
center is at the mean distance. For intermediate values of the 
argument he usos what amounts to the interpolation scheme 

+ 1 } , o<x< v d , 

+ JP - M — - - - 2 . (18°°) . ^ v d < X < 180°. 

Thus he makes the change in o(x) proportional to the change in 
p(X) for corresponding X. (Cf. [3], vol.ii, p.246). 

The arrangements in our manuscript are somewhat different, 
at least in appearance. On f. 29r is a table of o(0°) and 
<j( 160 °), reproduced below together with the corresponding values 
determined by Ptolemy ([43], ed. of Halma, vol.ii, p.355), 
al-Battanl ([3], vol.ii, p.138), and Ulugh Beg [54]. It should 
bo remembered that these numbers depend on four parameters, not 
only on d and r, but also on the mean motions and moan anoma¬ 
listic rates of the planets involved. Kashi makes no mention 
or use of an independently computed o(v d h instoad ho puts 

(is) 0 (x) - o(oo) ♦ . 

The difference between this and expression (17) is more 
apparent than real. In fact, if o(v d ) - [o(l80°)-o(0°)]/2, they 
are equivalent, and Ptolemy's values for o(v d ) are practically 
the mean between his extreme values. 


(17) o(X) 


L 
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Alnigttt 

s (0°) 

Kith! Ulugh Dtg 

al-Bittinl 

Alugttt 

4(1800) 

Kith! Ulugh B«g 

al-Battinl 

h 

3*22,43® 

3*22,43® 

3*22|10* 

3*22»4S® 

3*23,29® 

3*23,29® 

3*24,49® 

3*23,29* 

4 

4* 4,3* 

4* 7,&o 

4* 3(40* 

4* 4,S« 

4* 7,11* 

4*10,110 

4* 6,31® 

4* 7,11® 

9 

S' 7,28® 

S' 7,14* 

S' 3,36® 

S* 7,33* 

S'l9,9® 

3*10,40“ 

S*19|42® 

3*19,14® 

9 

3*13,31° 

3*13,4S® 

S*16|12° 

S*IS|S30 

S'l8,21» 

3*18,270 

S‘l0,4« 

3*18,210 

9 

4*27|140 

4*24(29* 

4*27,14® 

4*27,13» 

4*24,400 

4*27,14* 

4*24,40® 

4*24,40® 


Ttbl* 3 


The values laid out on the plate for p(0°), p(l80°) and 
2d are displayed on f. 28v for the convenience of the user. p(\), 
the "preserved distance", is to be obtained by direct measure¬ 
ment with the ruler. 

The first and second stations, being symmetrically disposed 
on the epicycle with respect to the true (epicyclic) apogee, 
computation of the one for a given \ gives the other immediately. 

The final step in the determination consists simply of 
evaluating (<j(k)-a)/d where a is tho anomaly for the time being 
and d is the rate of change of a with respect to time. The 
result will bo the time until station is reached, in the same 
units used to express d. 

Special remarks concerning Mercury (f. 28vi5, 29ri2) are 
occasioned by the oval doforent of this planet (see Figuro 3), 
the effect of which is to bring the opicyclo nearest the center 
of tho universe at two different points, not at the deferent 
perigee as is the case with all other planets. These two points 
are about 120° away from the deferent apogee, as is inferred 
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from Kashi’s rule, and as can be verified by inspection of the 
last column in the Almagest table of Mercury's equations ([43], 
ed. of Halma. vol.ii, p.309). 

l 33 r _Tho.Pj.aneX«r^ectors_(f t . lOrifrjj,.,. lOv, 30ri,2 - 31nlO? 

The subject of Chapter 11,10 in our text is troatod in 
[28], which may bo consulted for details by tho reader. Wo 
content ourselves hore with a minimum for understanding of the 
text, beginning with a restatement of the definitions with which 
the chapter begins. 

For certain astrological purposes, it was customary to 
divide the deferent and the epicycle into four sectors each, 
called by our author apogee sectors ( nitaoat-i auji ) and 
epicyclic sectors (nitaoat-i tadvlri ) respectively. There 
were two categories of sectors, those computed according to 
distance , and those according to velocity (harakah ). or, as 
our author puts it, movement ( sayr ). 

In all cases the beginning of the first sector was at the 
(deforent or epicyclic) apogee, the beginning of the third 
sector at the perigee. 

The beginnings of the second and fourth distance sectors 
on either the deferent or the epicycle were defined as those 
points at which an object moving on the circle in question is 
at its mean distance from the centor of the universe. 

For the yglosUv gegtora, the beginnings of tho second 
and fourth are thoao positions of a point moving on the defo- 
ront or epicycle at which its angular velocity, as viewed from 
tho conter of the universe, attains its mean value. 

The endpoint of each first sector coincides with the 
beginning of the second, and so on. 

The table on f. 10v locates the sector boundaries for all 
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categories. The entries havo evidently been obtained from 
Kashi’s zlj ([23], f. 141v). uniformly rounded off to minutes. 

We next addre66 ourselves to the question of how these values 
wero determined. 

The problem is simplest for tho sun, which has no epi- 
cyclo, hence no opicyclic sectors, and no equant. If d and 
R aro the deferent eccentricity and radius respectively, then 
tho arc of tho deferent from the beginning of tho first sector 
to the beginning of the second, that is, the emplitudo of the 
first solar distance soctor is 

(19) 90o + ar c sin ^ . 

This disposes of all other solar sectors of this category, 
for, as always, the sectors are symmetrically located with 
respect to the line of apsides. Hence the amplitudes of the 
first and fourth sectors are always equal, while the first and 
second are supplementary. 

The amplitude of the first solar velocity sector is 

(20) 90° + arc sin | . 

With tho planets, the location of the initial point of the 
second deferent distance sector can also be obtainod from (19) 
above. For use in tho zljes, however, it was convenient to 
tabulate tho angle subtended by the first soctor at the oquant 
rather than at the deferent center. For small d a good appro¬ 
ximation to the former anglo is 

(21) 90° + arc sin . 

For a planetary deferent velocity soctor the angle subtended 
by the first sector at the equant is approximately that given 
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by expression (20) above. 

For the tabulated valuos of the epicycle distance and 
velocity sectors the expressions 

(22) 90° * .re ain , 

and 

(23) 90° + arc sin ^ 

respectively have evidently beon used by the original computer 
of the zij, whero r is the epicycle radius. 

In the zij itself the "equation" also is tabulated, that 
is, the variation in the results when R+d is replaced by R-d. 
Something of the sort is necessary to take account of the 
variation in the distance frcm earth to epicycle center, a 
variation which causes small changes in the size of the sectors 
For intermediate positions between the extremes of R+d and 
R-d an interpolation scheme was used which is not mentioned 
in our text. It is to this variation, however, which the 
author has reference in his statement on f. 30v:l. 

Independent computations using Kashi's parameters in the 
expressions above have resulted in a verification of all the 
entries in the text's table of sectors except for some involv¬ 
ing Mercury and the moon, which, having special models, demand 
special treatment. 

For Mercury's deferent distance sectors, the last column 
in the Almagest table of Mercury's equations ([43], ed. of 
Halma, vol.ii, p.309) measures tho variation in the maximum 
sizo of the equation duo to the epicyclo as compared with its 
mean value. Honce any point at which this function vanishes 
marks a position at which the epicycle is at mean distance, 
i.e. the initial point of the second deferent distance sector. 
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Interpolation in this table yields a zero when the argument is 
67*13°, a result reasonably closo to our tabular value of 67*44°. 

As for tho deferent velocity sectors of Morcury, (19) above 
is applied as though it wore valid for a non-circular os well 
os a circular deferont. Expressions (22) and (23) ore used for 
tho epicycle sectors of both Mercury and tho moon. 

Kashi's definition of tho initial point of the second lunar 
doferent distance sector is ovidontly taken to be the value of 
the double elongation at which tho epicycle contor will be at 
mean distance from tho center of the universe. This is 

•re cos - arc cos - 84 S 2», 

as required by the table. 

In the Almagest table of lunar equations ([43], ed. of 
Halma, vol.i, p.316) the value of the double elongation which 
givos maximum displacement of the epicyclic apogee (Column 3 in 
the Almagest table) is 114°. This is our tabular entry for the 
moon's deferent velocity sector. In fact, however, the lunar 
epicycle travels on the deferent in such fashion that its 
angular velocity as viewed from the center of the universe is 
a constant. Hence the concept of deferent velocity sectors as 
defined above has no meaning. In some way Kashi must have 
associated the 114° with the conditions which identify the 
mean angular velocity of the epicycle centers of the planets, 
but how he did so is not clear. 

So much for the table. As for the instrument, since all 
deferents ore marked on the plate, it is an oasy matter to mark 
also tho boundaries of the deforont sectors, as prescribed in 
the text (£f. 10r«2, 30vi2). 

The epicycles a6 such do not appoar on the instrument, 
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and to determine the epicycle sector of a planet at a given 
time recourse must be had to manipulations with the instrument. 
The author's directions in f. 30v«5 - 31r«2 have reference to 
a person standing at the periphery of the horizontally placed 
instrument, opposite tho planet's epicycle conter, and looking 
toward the conter of the instrument. If the position of the 
planet is on his right this implies that the true longitude 
exceeds the adjusted mean longltudo (i.e. the longitudo of the 
opicycle center) and that the planet is in either the first or 
second epicyclic sector. If it is on the left it is in the 
third or fourth. Compare the distances of the planet and the 
epicycle center from the center of the universe. If the first 
exceeds the second the planet is in either the first or fourth 
epicyclic distance sector. If the reverse is the case it is 
in either the second or third. The combination of these two 
criteria suffices to locate the planet's epicyclic distance 
sector. The author gives no directions for the velocity 
sectors. 

The terms "increasing" (or "increased") and "decreasing" 

(or "decreased") as used in the last part of this chapter 
(f. 31ri3-9) are explained by Blruni in [4](p.203). "Increas¬ 
ing in computation" means that the equation is positive. The 
author i6 here referring to the epicycle sectors only. "Increased 
in magnitude" refers to the celestial object's apparent size, 
which varies inversely with its distance. Whon it is in the 
socond or third epicyclic soctor its apparent size will bo 
increased over its mean value, hence the term. 

3 * . Prtdtc^on Of Lunar Eclipses (f. 31rt l l - 33r»3) 

A lunar eclipse occurs whenever the moon enters tho shadow 
cast by the earth. If for any time during the eclipse the moon 
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is completely immersed in the shadow the eclipse is said to be 
total, otherwise it is partial. Our author seeks to describe 
eclipsos to the extont of determining the time6 of (a) first 
contact of moon and shadow, (b) first totality, if the oclipso 
is total, (c) the middle of the oclipae, (d) the boginning of 
clearance, i.e. tho end of totality, and (e) comploto clearance. 
For a partial eclipse tho magnitude also is desired. 

Since tho depth and duration of an oclipso is dotorminod 
by how closely the broken line sun-earth-moon approaches 
straightness, it is clear that a necessary condition for a 
lunar eclipse is that sun and moon bo in opposition, i.e. have 
longitudes differing by 180°. The condition is not sufficient, 
however, for the moon does not travel on the ecliptic, but 
along a second great circle which intersects the ecliptic at 
an angle of about five degrees. This circle rotates slowly 
westward so that the nodes, the points of intersection between 
the two circles, have a motion of about nineteen degrees per 
year. The moon's distance from the ecliptic, its latitude, is 
the element which determines whether or not an eclipse will 
occur at a given opposition. 

Our author makes several simplifying assumptions. For 
one thing he regards the earth-moon distance as a constant, 
hence the apparont size of the lunar disk as viowed from the 
earth is also constant. The same sort of assumption for the 
earth-sun distanco implies that the width of tho 6hadow cone 
whero it is cut by the moon is likewiso a constant. Theso 
simplifications havo tho offoct of making on essentially three- 
dimensional problem two dimensional, for now wo con confine 
our attention to the surface of the sphoro, concentric with 
the earth, in which the moon's center moves. As a final 
simplification, let Figure 16 represent to some scale a small 
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Figure 16. A Diagram for a Partial Lunar Eclipse 

portion of this spherical surface, with 0 marking a point on 
the ecliptic AB at which moon and sun are in opposition. The 
path of the moon's center is MD and its apparent radius is MN. 
The intersection of the earth's shadow and the sphere at the 
time of opposition is represented by the circle ABC. OD is 
perpendicular to DM, and since the latter makes with the 
ecliptic an angle not greater than five degrees, the length 
of OD is a fair approximation to the moon's latitude at tho 
timo of conjunction. If the moon Is tangent to tho shadow 
circle at N, then, in tho right triangle COM, OM is the sum 
of tho moon's apparent radius and the shadow radius, and DM 
is an approximation to tho difference botwoon the moon's elon¬ 
gation at first contact and at opposition. DM cannot be 
regarded as the difference in lunar longitudos between these 
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times, for In the same period the sun itself, hence the earth's 
shadow, will have mado some progress along the ecliptic. 

When an eclipse is partial, as in the ono illustrated in 
Figure 16, its magnitude is the length of EC measured in 
(eclipse) digits, twolfths of the apparent lunar diameter. 
Figure 17, on the other hand, 6hows a total eclipse. Hero 



Figure 17. A Diagram for a Total Lunar Eclipse 

the beginning of totality is of interest, and this occurs when 
the moon is tangent internally to the shadow circle, as at H. 

In both cases the approximate middle of the oclipse is marked 
by the arrival of the moon's center at D, this corresponding to 
the time of opposition. The ends of totality and of contact 
aro located on the eastward side of OC symmetrically with their 
beginnings. 

21 j_ kuiUtr.. E cl.lp.se. L.j fnl . t . 6 

With this background we now examine the text of Chapter 
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11,11, beginning with f. 31v.l, a statement to the effect that 
a necessary and sufficient condition that an eclipse occur is 
that the lunar latitude at opposition (p) be less than the sum 
of the apparent radii of moon (rj and shadow (r 8 ). The next 
sentonce, f. 31vi3, looks corrupt, and comparison with the 
corresponding passage in NS (p.280) confirms our suspicion. 

It saysi 

If tho lunar latitude at the conjunc¬ 
tion is more than sixty-three minutos, (then) 
undoubtedly its distance from the node will 
bo more than twelve degrees, and so there 
will be no eclipse. But if it is less than 
that and greater than twenty-nine minutes, 
then part of it will be eclipsed. 

Although not explicitly stated, it is clear from the figures 
that a necessary and sufficient condition that totality be 
attained is that 


r s " 


> P- 


The numbers in the Nuzhah lead to the equations 


r ♦ r ■ 63' 

s m 

r .- r .- 29 '- 

whose solution is r a - 46' and r m ■ 17', both numbors being 
rounded-'off Ptolemaic parameters ([43], ed. of Halma, vol.i, 
P-395). 

That tho latitude condition for a partial eclipse is equi¬ 
valent to the statement made in our text about the ecliptic 
distance from node to opposition may be demonstrated as follows. 
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Consider the right spherical triangle (Figure 18) formed on the 
celestial sphero by the node, the moon's center, and tho projec- 



Figure 18. The Lunar Latitude Near Syzygy 
tion of the latter on the ecliptic. The relation 

s iri 

subsists, since p and 5° are both small. Putting p = 63' we 
obtain 


\ • arc sin (63/300) « 12®, 
as demanded by the text. 

We are now in a position to investigate the condition with 
which Chapter 11,11 opens, namely that if the opposition occurs 
during daylight it must be less than 2^4 hours aftor sunriso or 
before sunset. Violation of the condition implios that thoro 
will be no possibility of any part of even the longost oclipoe 
taking place while the sun is bolow the horizon. 

An eclipse of maximum duration is one for which first contact 
takes place when the elongation is sixty-three minutes of arc. 
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Since the mean rate of elongation is about 13*10,15° - 0*59,8° 
- 12*11,27° per day, half the length of tho longest eclipse is 
about 

l2lU^§7 ■ 2 '“ h0U ”- 

This is doubtless the origin of the number tho author 
gives. It doos not appear in the Nuzhah. 


36 Lunar Ecliose Markings on the Ruler 

A permanent mark (0 in Figure 19) is placed on tho ruler's 
edge at a distance of sixty-three parts (sixtieths of the plate 
radius) from the end. The mark of first totality (0") is put 
permanently on the ruler at a distance twenty-three parts from 
the same end. The segment CO" will be thirty-four parts in 
length, equal to the apparent diameter of the moon in minutes. 

It is divided into twelve equal segments, each one an eclipse 
digit. 

37. Determination of the Lunar Ecliose Times 

Suppose now that p for the time (t) of the opposition has 
been computed and is sufficiently small to indicate an eclipse. 
Set the alidade point of Aries on the ring. Put a mark 0 on 
the plate such that the segment CO is of length p measured in 
divisions of tho alidade, taking a sixtieth of the plate radius 
for oach minute of arc. Rotate the alidado through an angle 
of ninoty degrees, and place the ruler so that the lunar eclipse 
mark on its odgo coincides with 0, and so that its ond touches 
the edge of the alidade (at M). Tho triangle DOM is now a 
mechanical construction of the triangle having tho same letters 
in Figure 16. Hence tho length of DM on the instrument gives 
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Figuro 19. The Instrument Set Up for a 
Lunar Eclipse Dotormination 

the olongation In minutes of arc at the Instant of first (or 
last) contact. Since tho rate of elongation Is, very crudely, 
a half degree per hour, "depressing" (cf. Section 3) the length 
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of DM once and doubling the result (i.e. dividing by a half) 
will yield the elapsed time frcm first contact to the middle of 
the eclipse. This i6 what the text prescribes. Add the result 
to t and subtract it from t to get the times of day at which 
last and first contact take place rospectivoly. 

If the oclipso is total, an exactly analogous use is made 
of the mark of first totality (0") instead of the lunar eel ipso 
mark (0) to construct the triangle O'FD (in Figure 19) congruont 
with OFD (in Figure 17). From it is obtained DM, the elongation 
at first totality, which also is converted into time by doubling 
and depressing. Addition to and subtraction of the result from 
t gives the times of day of last and first totality respectively. 

For a partial eclipse the magnitude is measured very simply 
by sliding the end (M) of the ruler along the alidade until the 
ruler occupies the position indicated by the pair of dotted 
lines on Figuro 19. The position of the mark 0 with respect to 
the digit scale on the ruler then gives the magnitude in digits 
directly. The validity of this procedure can be seen from 
Figure 16, where it will be observed that the eclipse magnitude 
is, approximately 

EC ■ ED + DC = r m + r 8 - p - 63' - p, 

which is the construction prescribed. 

18,. Parallax jn the Altitude Circle (f. 3 5r»4 - 3 6n5) 

It is convenient here to break the order of tho toxt and 
to insert appropriate comment on Chapter 11,14, the substance 
of which is a preliminary to Section 39. 

In Figure 20 assume the small circle with center C to bo 
the terrestrial sphere. An observer at E takes the altitude of 
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a celestial body at S, the latter being at a distance SC from 
the center of the earth. With rospect to the observer's 



for a Parallax Determination 

horizon, the tangent to the sphere at E, the altitude of S is 
angle SEF. As reckoned from the center of tho oarth, however, 
the altitude is SCO. The difference between thoso two angles 
is P, the parallax in the altitude circlo. It is cloar that P 
is a function of two variables, the earth-planet distance, and 
tho altitude. For CS constant, P is maximum whon the altitude 
is zero, taking a maximum value of, very nearly 
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arc sin . 

The oporation described in Chapter 11,14 consists ossentially 
of making a scale representation of the situation set forth above, 
and our Figure 20 is sufficient supplement to the author's expla¬ 
nation. 

It 1$ of interest, howover, to put down his parameters. 

For the three objects mentioned, horizontal parallax at mean 
distance will be 

<£ arc sin 0*1,2 ■ 0*59,13° 

O arc sin 0*0,2 * 0* 1,55° 

9 arc sin 0*0,4 ■ 0* 3,50°, 

where mean distance has been taken as 1 , 0*0 for the sun and moon 
and as l,0*0/2 for Venus, as prescribed in f. 35r:13. 

Comparison of these numbers with corresponding entries in 
a table of parallaxes on f. I85v of Kashi's zij [23] show as 
close a correlation as can be expected. Horizontal lunar paral¬ 
lax at mean distance is there given as 0*59,59°. For the sun 
it is 0*2,15°, and this accords with our result of 0*1,55°, 
since the author says vaguely (f. 35r«9) that for the sun CE 
should be "a little more" than the two minutes we have taken. 

For Venus the zij gives 0*4,8°, likewise reasonably close to 
our value. 

For both the sun and Venus the constructions prescribed 
boar littlo relation to practical reality. For ono thing, the 
measurement of angles as small as theso on an instrument of 
this sort is out of the question. And for another, the distance 
of Venus from the earth is based on no observations at all, but 
on the assumption that the planetary system has boon put together 
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by nesting the successive Ptolemaic configurations as closely 
inside each other as will insure no planet's striking its 
neighbor. 

■3&« -I h 9 Ipbls-af. Perplex fifflnpgnentfr. if, 3?y) 

In ordor that a solar eclipse be visible to an observer it 
is nocessary that the sun and moon have, for the timo of tho 
eclipse, very nearly tho same celestial coordinates. And since 
the observer is on the earth's surface, not at its center, it 
is clear that the coordinates used must bo apparent ones and 
not true coordinates, that is, computod with respect to the 
observer rather than with respoct to the center of the earth. 

In other words, it is nocessary that a correction for parallax 
be applied to the true coordinates resulting from ordinary 
determinations. 

The adjusted lunar parallax ( ikhtllaf-i manzar-i mu c addal-i 
qamar ) is the difference between the parallax of the sun and 
moon at a time when both have the same apparent altitude. Our 
table breaks up this adjusted parallax in tho altitude circle 
into its latitude and longitude components. Each pair of such 
components is for a conjunction occurring at an integor number 
of hours beforo, after, or at the local meridian, and at the 
initial point of one of the twelve zodiacal signs. Symmetry 
considerations permit the use of a single column for each pair 
of signs equidistant from tho solsticest thus the second column 
from tho loft (on the transcription) servos for both Loo and 
Gomini, provided that tho hours for the former aro road from 
tho column at tho extreme right, and those for tho latter from 
the loft. The latitude components aro givon in minutos of arc; 
tho longitude entries in minutes of timo by which the effoct of 
the parallax will delay or advance tho timo of apparent conjunction. 
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Since the rate of elongation is about twelve degrees per day, 
division of the longitude components by two gives an approximate 
conversion into minutes of arc. 

The top row of entries in the table gives the length of 
daylight whon the sun is in the beginning of tho sign named 
at the head of each respective column. 

Our author's statement (f. 14ri7) that the table is from 
Kashi's zlj is confirmed by examination of tho latter document. 

It is on f. 164v of [23], where tho statement is mado that the 
data have been computed for a placo of terrestrial latitudo 
30°. In a special study [27] it has been 6hown that the numbers 
in the table are only crudely correct, and that they were pro¬ 
bably lifted by Kashi from some source unknown to us. 

4Q. Splax EcLip^s. (f, 33 X :5 - 34V131 

The technique for computing solar eclipses with the aid 
of the instrument closely resembles that used for lunar eclipses, 
and can be described with reference to what has preceded. Of 
course it is now conjunctions, not oppositions, which present 
possibilities for solar eclipses. Just as before, a permanent 
mark is put on the edge of the ruler, this time at a distance 
from the end of thirty-three sixtieths of the plate radius. 

(Cf. f. 12vi7). Thi6 implies that the (apparent) lunar lati¬ 
tude at conjunction must be loss than thirty-three minutes, a 
condition which the text gives explicitly in f. 34ri9. The 
6ame limit is given in the Almagest ([43] vi,5). The condition 
also implies that 


r_ + r 


33* 


where t q denotes the apparent radius of the solar disk. Since 
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we have already taken r m to be about seventeen minutes, it 
follows that the solar and lunar disks are assumed to be of 
about the same size. Hence even if a solar eclipse is total, 
the duration of totality will be very short, and in fact no 
mark of first totality is prescribed. Tho portion of the ruler 
edge from the solar eclipse mark to the end is to be divided 
into twelvo equal parts for the solar eclipse digits (f. 13ri2). 

One complication which does not enter in the case of a 
lunar eclipso is tho fact that for a solar eclipse the geogra¬ 
phical location of the observer is involved. Hence the true 
coordinates are to be corrected for parallax by use of the 
table on f. 33v. The effect of parallax being always to depress 
the apparent position beneath the true one, it follows that if 
the conjunction occurs in the forenoon the (longitudinal) correc¬ 
tion will be subtracted from the time of true conjunction, 
whereas it is added in the case of an afternoon conjunction. 

For the same reason the latitude correction is subtracted 
algebraically from the true latitude, north being taken as 
positive. Once the corrections have been made, the time from 
first contact to the middle of the eclipse and the magnitude ctf 
the eclipse are computed on the instrument just as they are for 
a lunar eclipse. 

Tho parallax also acts to asymmetrize the necessary condi¬ 
tion for a solar eclipse. Its offect is always to pull a celes¬ 
tial object down along a vertical circlo from its true position. 
Honco when the true moon is north of the ecliptic, the allowable 
distance betweon nodo and conjunction is greater than whon it 
is south. Thus the chapter on solar eclipses in the Nuzha 
(NS, p.28l) begins with tho statement that if tho conjunction 
is after tho ascending nodo and before the descending node, 
i.e. if the moon has north latitude, the critical distance is 
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sixteen dogrees; if the moon has south latitude the distance 
is seven degrees. 

The corresponding passage in our text, f. 33ri7-12, doubt¬ 
less said the same thing in tho original composition. However, 
it was garbled by the copyist who wrote twice the line and a 
half enclosod in braces in tho translation. His mistake was 
made easier by the fact that the words for dlstanco (bufd) and 
after (ba c d ) are written the same unless diacritical marks are 
used. 

In his zij ([23], f. 85r) Kashi gives the same necessary 
condition as is found in our text and in the Nuzhah. He 
qualifies it by saying that it applies to localities in the 
third and fourth climates. A criterion which holds for all 
inhabited localities is, he says, that if the lunar latitude 
is north, the distance from node to conjunction shall be less 
than eighteen degrees; if south the distance shall be less 
than nine degrees. He does not derive this condition in the 
zlj, and it may very well be rounded off from Ptolemy's 17;4lo 
and 8;22° arrived at in the Almagest ([43], vi,5). 

4—j T h « So\31 Mean Longitude at E quinox (f. 34vi4 - 35r;3) 

In Islamic astrology the instant at which the sun crosses 
the vernal equinoctial point is callod the year-transfer 
(Arabic tahwil al-slnah. or simply tahwll . c f. [4], p.150) and 
was considered to be of great significance. Even to the presont 
in Iran the situation of the individual at tho moment of transfer 
is supposed to affect his dostiny throughout tho coming year. 

Chapter 11,13 in our text explains a mothod for determining 
the time of transfer by use of the equatorium. The same problem 
is treated much more elaborately in the KhaqanI Zlj ([23], 
ff. 90r - 91r). It can be formulated as the inverse of a more 
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common problem, the determination of a planetary true longitude 
(X) as a function of its mean longitude (X), the latter being 
a linear function of time. Now wo have the solar true longitude 
given, at the equinoctial point (X - 0°), and we seek the 
corresponding X. Once this is determined the corresponding 
time can be inforred from the moan motion tablo. 

The solutions in the zlj are set up in terms of the mean 
and true centers, X fl and X fl , but the difference is trivial, since 
addition of the apsidal longitude to a center converts the latter 
into a longitude. (Cf. p.168.) 

m 

Two apparently alternative methods are given in the zij 
for obtaining X fl from X g . The first says, find from the table 
of solar equations (e) the equation whose argumont is the given 
X fl . Add the result to X g to obtain a first approximation to X g , 
and repeat the process. That is, put 

x al = •'V + V 
- * ( Sl> +X .' 

X «3 = e(X a2 ) + V 

Then, says Kashi, X fl3 is the desired X fi . This iterative 
method for inverting suitable types of functions iB very old, 
and probably of Hindu origin (cf. [l] and [32]). 

The second method consists of putting 

Sin e(X fi ) ■ sin • jnax • Sin X ft , 

where e ■ 2*0,29° is Kashi's maximum solar equation. Then 
roox 

(24) - e(X g ) + X fl ■ arc Sln(sln e max • Sin X fl ) + X g . 
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In another part of the zij, on f. I66v, is a numerical 
table of the function L(X fl ), say, 

(25) L(\ a ) - 2^0,29° sin X fl + X fi . 

e ffiax boing a small angle, expressions (24) and (25) aro 
approximately equivalent. Thus the table gives a third method 
for obtaining X fl . 

By contrast with these elaborate and approximate techniques, 
the solution with the instrument is direct and, at least theo¬ 
retically, precise. One puts the ruler alongside the fictitious 
center and parallel to the line joining the plate center and 
Aries 0°. The point of intersection of the ruler edge with the 
graduations of the ring gives iirmediately the mean longitude at 
which X ■ 0°, the configuration being the same as that for 
determining X from X. 

The desired X having beon determined, it is easy to find 
frcm the table of mean motions a date such that at the noon of 
that day the solar mean longitude X n exceeds the equinoctial X 
just found, whereas on the preceding noon the solar mean longi¬ 
tude is exceeded by the equinoctial X. The expression 
(^ n " *)A then gives the number of hours from the instant of 
transfer to the later noon, provided that X is the rate of change 
of X in degrees per hour. 

L91 JWtfTiti ?n f, 35r»4 - 36r,5 see Secti on 38 above 

Thy Eqya ttpn of Time (f. 36n6 - 37r,R) 

Chapter 11,15 of the toxt contains no application of the 
equatorium, and in fact makes no reference to either one of our 
instruments. The topic it discusses is, however, of at least 
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theoretical interest in the major problem solvable with the 
equatorium, the determination of planetary true positions. The 
table of moan motions, on which such determinations are ulti¬ 
mately based, gives mean positions reckoned from some epoch. 
Local apparont time, reckonod from successive meridian passages 
of the truo sun, differs from mean time because of two facts. 
Thoso, as tho author points out, are the variable angular 
velocity of tho truo sun in the ecliptic, and the unequal 
projections on the colostial equator of equal sogments on the 
ecliptic. The difference is tho equation of time. 

The first part of the chapter is copied verbatim from 
the extensive equation of timo material in the KhaqanI zlj 
([23], f. 93r). At about f. 36v:10 our author abandons this 
source, and from there on leans heavily on Appendix 8 (p.31l) 
of NS. The NK version has nothing on the equation of time* 
the subject is another afterthought of Kashi, but his pre¬ 
sentation is much more satisfactory than that of our text, 
which slavishly copies his mistakes. 

For instance, f. 37r«3-37r:6 in the text is on the conver¬ 
sion from degrees of arc to time, 360° being equivalent to 
twenty-four hour6. A degree of arc does correspond to four 
minutes of time, and a minute of arc to four seconds, but ten 
minutes of arc corresponds to forty seconds of time, not to a 
minute, as both the NS and our toxt have it. 

In order that this chapter be useful the author should 
have provided the user with specific moans of determining the 
oquation of time. One way would bo to give a numerical tablo 
such as that in Kashi's own KhaqanI zlj ([23], ff. 126v, 127r). 
Another way would be to give oxplicit directions for computing 
both components of the oquation of time. Tho determination of 
one component, the solar equation, has already been described, 
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in Chapter 11,6. Nothing has been done in the text, however, 
about the computation of the right ascensions which make up 
the second component. In NS (p.31l) Kishl describes a technique 
with the instrument for solving this spherical trigonometric 
problem. The methods resemble those used for the determination 
of the lunar latitude and coirmented on in Section 25 above. 

To clarify the passage f. 36vill - 37ri2 we remark that 
the oquation of time (E) at any instant t is the difference 
between the change of mean solar longitude (k) from epoch (t Q ) 
to time t, and the change in right ascension (a) of the true° 
sun from t Q to t. Symbolically this is 

E(t) - t\(t) - Aa(t) 

B [*(t) - X(t Q )] - (a(t) - a(t Q )) 

“ * (t) " •<*) ‘ *(t 0 ) + a(t Q ). 


The rule in the text says 


E(t) = (X(t) + 3;57,30°) - «(t). 

Comparison of the two expressions shows that we must have 
°<V • R(to) - 3»57,30o, 

that U, th. constant to b. .dd M , 0 tho naan longltud. 1 . a 
numb.r which d.p.nd, on th. .pooh of th. tab!.. .„d 0 „ th. bas. 
longitude for „hich thay h.v. b.an conput.d, m , 3 , 57.300 
howav.r, ha. b.an t.b.n ov.r f™ NS without chan,,, .h.roa. 

id r:r°: ubu * of th< tmhav> b ° th ■ «««-* . P och 

and a dlff.rant baa. longitude than thoao of NS. 
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P l ait Qf Conjunctions (f. 3 7 n9 - 38nll) 

The construction of the second instrument is easily under¬ 
stood from the description on ff. 15r-17r, especially when 
considered in conjunction with the drawing on f. I7v, its 
modern counterpart on the opposite page, and Figure 21, repro¬ 
duced from pago 287 of NS. 



Figure 21. The Plate of Conjunctions, from NS 


Of the metrological units mentioned in this passage, the 
size of the cubit has been discussed in Section 2 above. The 
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digit is usually taken as one twenty-fourth of a cubit. 

As for the operation of the instrument, the device has been 
designed to predict the time of day at which a conjunction 
between two planets will occur, given the noon longitudes of 
the planets for the given day and for the following day. It 
is further assumod, of course, that their longitudes show one 
planet in the lead at the first noon, and the other at the 
second. Regard the variations in longitude as linear through¬ 
out the course of the day. Then if t is the time in hours 
from the first noon until the conjunction takes place, 

t- 2 ?. 

where d is the difference between the longitudes of the two 
planets (Kashi's oast distance ), and b is the difference between 
the daily rates of the two planets (Kashi's daily motion ) for 
the day in question. Incidentally, the Persian-Arabic term 
buht . standard for the longitudinal speed of a planet, is from 
the Sanscrit word bhukti (cf. [4], p.105). 

The turning ruler (f. 17r«12, see also Figure 2) is set 
so that its edge crosses the "divisions of travel" scale at 
distance b from the beginning of the scale. Find the point 
on the same scale corresponding to d, from thore project hori¬ 
zontally to the edge of the turning ruler, thence vertically 
down to the base of the triangle. It is cloar that the result¬ 
ing point is at the required distance t from the left vertex 
of the triangle. 

The three sliding scalo6 at the bottom aro to convort t 
from time measured from noon to time measured from local sunrise 
or sunset, depending on whether the event occurs during the day 
or the night respectively. To do this, set the day ruler so 
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that the pivot on the turning ruler is opposite the point on the 
day ruler corresponding to half the length of daylight for the 
date and locality in question. Sot the hoad of the night rulor 
opposito the point on the day ruler corresponding to tho number 
of hours of daylight. Put the head of the next-day ruler 
opposite the point on tho night ruler corresponding to the 
number of hours of darkness. Then, as the author romarks, the 
right angle of the triangle will fall opposito the point of the 
next-day scale marking the hour of noon. Now tho placo where 
tho vertical line distant t units from the pivot intersects one 
of the three slides at the base gives directly the desired hour 
of day or night. 

In all of the late medieval Persian zijes inspected by the 
editor, many pages are given over to a double-entry table of the 
function defining t above (cf. [29], p.162). It is evident that 
Kashi invented this simple device to obviate the need for such 
tables. As such it fulfilled a practical purpose, yielding 
results of sufficient precision for the problem at hand. The 
instrument's most serious drawback follows from the fact that 
the usual daily motion of the planets is of the order of a 
degree. That of the moon is much larger, averaging over thirteen 
degrees. This implies that if the conjunction does not involve 
the moon, the turning ruler would be elevated by so small an 
angle that tho rosult would be considerably affected by small 
inaccuracies in the construction. 
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(Readers who desire to locate in the text one of the words 
listed below can do so by looking up its English equivalent in 


the index.) 


6fi£. Oj 


clearance 

(of an oclipse) 


obliquity 


solstices 

elliptical (?) 

erf*' 

J***' 

apogoe(s) cs-b^Upl-) 

mean (motions 
and positions) 
see i 


<L-J 

■ 

substitute 


sign(s) /»*/ 

(zodiacal) 

( p1 -) £/ 

slow 


distance(s) ^>U< 1 

(pl.) £ 

doubled distance 


rate 


V 


compass 



1 


instrument 


conjunction(s) 


^\S>\ (pl.) 

S££l 


conjunction 


see* 


difference 


parallax 


altitude 

^>A 

difference 

marks 


forward (motion) 


direct (6tatior 


opposition 


astrolabe 


digits 




climate(s) 

(pi.) 
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south 

'TV* 

d-> 


node, lunar 

S* 

calendar or date 


sino 


complete (of years) 


£ 


transfer 

J? 

acute (angle) 

•A 

opicycle 


product 


doubling 


ring 


equation 

tb* 

motion(s) _^>£Hpl. 

equation of time 

yu 

(SJ> i>/*‘ 

computation 



argument 

A^- 

differences 

subtraction 

or 

perigee 



depression, or 


intersection 


trough 

true (celestial) 

(/ 


_ 

longitude 

true 





halving 


ring 




Aries 

cM* 

succession of 
the signs 


t 


quotient 

eccentric 

anomaly 


'J/&* 


compound anomaly 


lunar oclipse 



hole, drill holo 

c 

table(s) J,\^ (pi. )j^ 

part (a), m ,U.»(pl.)/> 
divislon(s) y ' 


wood 



addition 
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angle 

right angle 

increasing 

S-J/ 

projection, 
oxcoso, lug 


tongue 


Saturn 

cW 

Venus 


astronomical 

handbook 

& 

cr 


year 

complete (or 
elapsed) year 

JL- 

speedy, fast 

o-' 

plane 


the two inferior 
planets, Mercury 
and Vonus 


iirener6ion (of an 
eclipse) 

V" 

chain 

xds 

year(s) (pi 

.) As 

holo 

t'"' 

movement 



line(s) ]^>(pl.) 


line of apsides 


latitude lines 


thread 

if 

J> 


circlet a) (pi.) g/\j 

latitude circle 

Lfjvy 

degree(s) (pi.) 

rotation, £x 
revolution 

//> 

j> 


cubit 

t } '> 

epicyclic apogee 

W 



retrograde 


quadrant(s) £)y\ 

( p l-) 

retrogradation, 
or retrograde 

J 

elevate (a 

sexagesimal), to 

o>f& 

numeral (6), .tf/Kpl.)// 

2L mark(s) ’ ' 

difference mark 


string 
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i 


alidade 


(I 


Mercury 


plumbline 


magnitude 
(of a star) 


day, nychthemeron 



•• A 

yellow copper 


nodo 

mark 

»)&? 

sun 


mathematic* 

c f 

brass 


astronomy 


plate 


superior (planets) 


. 


i 


c f 

multiplication 


extremity, extreme 


i 


(value), maximum 


b 


<-J> 


plate of the 
heavens 


Persian 

longitude, usually 


excess, or 

terrestrial longitude, 

difference 

but in the text 




(f.3r«5) celestial 

ecliptic, 
or zodiac C- 7 ' 

longitude. 




longitudinal 

6 


t 


base 


shadow 


perpendicular 

t* 

AJ 


Qlbla. the 

L 


direction of 

Mocca 


universe 

disk 


latitude(s) (pi •\£f 

Constantinople ^ 

bride, (theorem 
of the) 

</V 


248 


! 


P E R S 1 

: a n 

GLOSSARY 


sine (astrolabe .. 


division(s) 

1 

or quadrant) 

' 

0 £ part(s! 

preserved 


diameter 

y 

axis 

jS 

equating 



V* 

diameter 

circumference 



orbit, on f.8rill, 

AM 

moon 

/ 

but in an astro¬ 

pivot, pole 


nomical context the 




word usually denotes 
any circle of the celos- 

arc(s) 



tial sphero whose pole 
is the north pole. 

square 

place, the place of a 

digit in a place-value ' 
representation of a number. 


fractions 

solar eclipse 

star(s), or 
planet(sy 



elevated 


total (of an 


y 

compound (in 

V 

eclipse) 


compound anomaly). 


J 


center(s), J \y (pi 
sometimes mean 

•> / 

sights 

er^ 

cL 

longitude measured 


plate 


from deferent apogee. 


turning center />* f/ 

fictitious center ^ y ' 

color(s) 

C)M'(Pl-) O) 

apparent 

4 / 

inclining, 

r 


pointer 

^ V 

or inclined 

Mars 

& 

explicit (years) 


fictitious 


triangle 



direct (motion), 
of a planet 


sum 
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Libra 

o'/i 

inclination, 

ST declination 


a 


decreasing 


incomplete (of 
years), si curront, 

SL explicit 

copper 


ratio 


noon, or meridian 


semicircle 


sector(s) ^^^(pl.) 

opposite 


decrease 

u-* 

point(s) Mi»(pl.) 

latitude point 


opposite point 


light 


luminaries, the two, rf/-* 
the sun and the moon) 


chord, 0 £ hypotenuse /} 

mean (position M*^l(pi.) 
or motion) 

l _ 

Yazdigerd 
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ruler 

3 ^ 

peg 


path(s) 

(pl.)^ 

Jupiter 


ascensions, 

££ risings 


adjusted 


equant 

Gi) 

equator, 

celestial 


divisions 


station(s) (pi.) 

true position 

p*' 

stationary, stance 

r 

duration (of an 
eclipse), first 
totality 


tangent 


parocliptic 


!££i 

i3 >l> 

depress (a sexa¬ 
gesimal), to 

cm/** 

heaven(s), jM>(pl.) 
deforent(s) 

parallol 

o;y 

position 
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28rx10,11,28vx4,8,30vi5,ll, 
31rxl,32rxl,34 V x9,36rx2, 
37rx9,37vxl; * 11,13,168, 
169,171,173,176,177,178, 
160-183,169,190,192,193, 
195,196,204,205,207-209, 
221,228,238. 

Plate of conjunctions; * 13, 
241-243. 

Plumbline, 6r:7. 

Point, 7rx5, point opposite, 
see opposite point. 

Pointer, 20rx8,13,21rx2,6,12, 
21v x 5,13,23rx1,23v x 3,24r x1, 
13,25vxl3,26rx7,26vx2, 
32rx2,34vx6,ll,35rx6,35vx3, 
8,12,36rx4. 

Position, 18rx5. 

Precession; • 167,188. 
Preserved, 28rxl2,29rxl,2; 

* 217. 

Product, 29n5. 

Projection, llvxll,13,12ril. 
Ptolemy, or Ptolemaic; * 9, 
169-171,173,174,179,184, 
186,190,192,197,201,204, 
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206,210-213,215,216,226, 

233,236. 

Qadlzadah; * 4-7. 

Qara Yusuf; * 2. 

Qiblah (the direction of 
Mecca), 3ri8; * 7. 

Quadrant(s), 24vi6. 

Quotient, 29ri5,13. 

Qur'an; » 3,164. 

Rato, 37r»9,37vi7. 

Ratio, 27vil,2. 

Retrogradation, retrograde, 
13vt10,11,!3,28r«l,3,5,7, 
8,29r:7,8,10,U,29vi2,3, 
5,7,9,12; * 12,214. 

Revolution, 29r:ll. 

Richard of Wallingford; 

* 182. 

Right (angle), I5r (marginal 
note), I6rt4, right ascen¬ 
sion; • 240. 

Ring, 5vi9,6ri2,4,6,9,6vi10, 
13,7nl,9ril3,llvi5,14r*l, 
18r«4,19v:6,12,13,20n9, 
20v*l ,11,21ri2,21vi11,13, 
22nl,22vi2,23ri2,24vi2, 
25nl,26ril,9,34vi7,ll; 

► 164,165,167,176-178,181, 

183,189,150,192-196,199, 

200,208,209,228,238. 


Risalat c amal al-darb...; 

* 7. 

Risalah dar Sakht-i As^urlab; 

• 6 . 

Risalah fi istikhraj jaib...; 

• 6 . 

Risalah fi ma‘rifat samt 
al-qiblah; * 7. 
al-Risalat al-iqlllaminah; 

• 7. 

al-Risalat al-muhltiyah; * 5. 
• • 

Risalat al-watar w'al-Jaib; 

* 6 . 

Rotation, 36r«10,36v«8. 
Ruler(s), 6r«7,9rtl3,llvi2, 
12ril-3,5,6,l2v«3,5,10,13, 
13r:4,7,16ri7,9,10,12,13, 
16 vj 1,3-5,7,8,10,17r«9,ll, 
12,19vt7,9-11,20r«3,ll,13, 
20vs 8,21r«3,5,21vi4,23r«5, 
6,23vi4,9,12,24ri6,10,ll, 

13,27r«6,27v«12,32ri4-6,8, 
33ril,3,34v«7,9,35vi5,7, 
36ri2,4,37ri11,12,37vi1-7, 
10,12,38r«l; * 13,180-183, 
189-195,217,228,230,234, 
235,238. 

Rulor, parallel; * 13,183. 

Samarqond; « 2-4,7,8,10,11. 
Sanscrit; * 242. 

Saturn, 7v«9,9ril; * 179,182, 
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186. 

Soctor(s), 3rt7,8vt9,10ri4, 
8,10vtl,30r«3-6,10,30v*2, 
4,5,U,31r«2-4,7; * 11,12, 
218-222. 

Semicircle, 9ril0,9v«2,5,8, 
llvilO. 

Sepahsalar Library; • 3. 
Sexagesimal; * 166,167,176, 
186, sexagesimal point; 

* 166,167,187. 

Shadow, 31vi2,4• * 222-226. 
Shahrukh; • 2. 

Ibn al-Shatir; * 170. 

Shiraz; * 2,188,189. 

Sights, 13ri6; • 182. 
Sign(s), (zodiacal), 3r:7, 
6rill,9r:ll,20vi4,5, 

22v:6,7,24vi5,8,12,25r:4, 
6-9,13,26ri4,6; * 166. 
Sine(s), 9r:12,9v:4,llv:8; 

* 6, sine, definition of; 

* 176. 

Slide rule; * 242, slide 
rule, circular; * 189. 
Slope, Ilvil2. 

Slow, 30n9,36ril3. 

Solar eclipse(s), 4 r «12, 
12vi8,13ri2,14nll,12, 
33ri5,12,13,34n6,7,10, 
ll,13,34v»l; * 12,233- 
236. 


Solstices, 32r>2. 

South, 25r«5,10. 

Speedy, 30n9. 

Square(s), 16r (marginal note). 

"Squeezing" parameters; * 186, 
187. 

Stance, 29v«6,7. 

Station(s), 3ri6,13vi9,10,13, 
14n2,28ri2,3,7,9,29ri3,7, 
8,10-13,29v*l-7,10,30r«l; 

* 214-217. 

Stationary, 28r«6. 

String, 13r«7. 

Sublime Porte, the, 4vj1. 

Substitute, 24r:7-9,12; * 209. 

Subtraction, 3rxll. 

Succession of the signs, 
6r:12,7n6,20v:2. 

Sullam al-Sansa'; * 1. 

Sultan, 4n2,8,9. 

Sum, 26v:9,ll. 

Sun, 7r*12,8r»l-3,12r:8,13r«12, 
I8r«3-5,19ril2,19vil,5, 
20ri3,6,21r:7,12,22ril ,6,9, 
27ri8,27v*9,10,30r»3,6,8,9, 
31r«9,34vi6,6,36n9,12, 

36ri 11,12,36vi6,9,12,13, 
37n2; - 12,167,170,173, 
176,190,191,193,196,196, 
219,223-226,227,232,233, 

236. 

Superior (planets), 8vtl, 
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9ri8,13nl2,19ril3,21ri8, 
Il,22ri9,22vi7,9,10,23vi3, 
24vt4,25r«4,29r«l; * 178, 
179,193,195,196,202,206,213. 

Syzygy; * 227. 

Tabataba'l; * 1,3,7. 

Tablo(s), 10ri7,9,10,10vi1, 
13ri9,10,13vi7,12,29rr4, 

34nl; - 11,167,168,175,179, 
184-189,192,196,206,213,218, 
221,233,234,237-240,243. 

Tamerlane; * 2. 

Tangent, 9v«9,12,10nl ,31vi4. 

Text, history of the; * 9. 

Thread, 17r:7. 

Time, equation of; * 236-240. 

Tongue, 6r:5,6,6vtlO; « 165, 
170,192. 

Total (eclipse), 32r»13, 

32vi10; * 223,225,226,228, 
230,235. 

Totality (first) see also 
duration, 12vil0,32ri7, 

32vil ,2,4,5,7. 

Transfer, year, 34vi4,6,12, 
35r«l,2; * 12,236-238. 

Triangle, 15ri5,7-9,15vill, 
16ril,4,9,11,16vi7,11,13, 
17ri8. 

Trough, 15vi12,16ril-3,5,6,8, 
16vi1,2,4,12,37ri13. 


True, 14ri5,20r«l,6,20vil3, 
21r«l,21v«7,9,22r«13, 
35ri4,5,35vi3,9,ll,13, 
36n7,10,36vi2,10,12, 

37n7. 

True position, 19vil3,20ril, 
2,20vill,13,21vi6,7,22ri5. 
Turning center, 8ri4,5,8vi6; 

* 171,173. 

Turning ruler, 17rtl2; * 242, 
243. 

al-TusI, see Naslr al-Dln 
• - - 
al-Tusi. 

Ulugh Beg; * 2-7,10,216,217. 
Universe, 19vi5,26v«13, 
27r«3,5,28nl0,30r:7,12, 
3Cv:2,35rtl3,35v:l. 

Venus, 7v«9,8vil,9r«2,9vil3, 
25r«9,10,25v«2,26ri6, 
26vi5,35ril0,13; * 169, 

170,173,178,180,195,204, 

206,212,232. 

Abu al-Wafa'j * 170. 

Wood, 5vil2,llvi3,15r«2, 

16ri7. 

Yazdiford, 13vi3; * 167,185, 
186,189. 

Year(s), 13vi3,18r«12,13, 
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18v«l-6,8,9,36vi6. 

Yellow copper, 5vil2. 

al-Zarqalla (■ al-ZarqSli). 

* 170. 

Zlj, 3ril0,3vi7,4ril2,10ri7, 
14r.7,30v.2j * 1,4,5,7,167, 


188,196,219,220,236-239,243. 
Zij-I llkhanl, see flkhanl 

zlj. 

zlj-l KhaqanI, see KhaqanI 

zlj. 

Zlj al-Tashllat; • 6. 

Zodiac, 6vi3. 
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**A book that is shut is but a block ” 

f ^ EOLo ^ 

GOVT. OF INDIA 
Department of Archaeology yfi 

& NEW DELHI. T? 
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Please help us to keep the book 
clean and moving. 


9 . 9 ., I4B.H.0UHI. 




